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RTI uncovered private-sector users across the EO value 
chain who may use or benefit from future ACCP data. 

RTI International1, working with the NASA Earth Science Division (ESD) Aerosols, Clouds, Convection, and 
Precipitation (ACCP) Applications Team, conducted this study to capture the needs and priorities of 
nonresearchEarth observation (EO) data users who may be future users of ACCP data. Specifically, the goals of 
our Applications Study were to:

ÅBring private-sector user insights to the ACCP Designated Observables (DO) team to consider when 
appropriate during mission design

Å.ǊƻŀŘŜƴ b!{!Ωǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ nonresearchapplications by:

Ådefining potential user communities 

Åsummarizing their current uses of data products

Åhighlighting decisionsthey make using satellite-based data products (or could make with future satellite 
data)

Åproviding limitations in terms of awareness and technical realities

Å Identify ways in which NASA might engage with these communities

Executive Summary

1. RTIInternationalis an independent nonprofit research institute dedicated to improving the human condition, see rti.org. 
2. Figure adapted from Virapongse, A., Pearlman, F., Pearlman, J., Murambadoro, M., Kuwayama, Y., & Glasscoe, M. (2020). Ten rules to increase the societal value 

of earth observations. Earth Science Informatics. 13. 10.1007/s12145-020-00453-w. 

Earth Observation 
Value Chain

As described by Virapongseet al.2, significant 
opportunities exist for EO data to improve 
societal impacts related to energy production, 
agriculture, weather, health, and safety. 
Translating data into information for decision-
making requires effective presentation and 
availability of the data for the specific purposes 
of societal and economic goals. Traditional 
users of NASA EO data have been government 
and university researchers focused on 
theoretical and applied sciences spanning 
collaborations with closely related government 
agencies. By expanding the user base in the 
applications community within the private 
sector, nonprofit organizations, and other 
government entities, NASA can ensure its EO 
data inform and enhance decisions on critical 
issues such as preventing damage to life and 
property. 

The figure to the left, adapted from Virapongse
et al., captures the EO value chain and shows 
how data is transformed by users to 
information, then knowledge and wisdom, 
which leads to action. The RTI effort focused 
on incorporating user perspectives to identify 
insights and needs across the value chain. 



4

¢Ƙƛǎ ǎǘǳŘȅ ǎǳǇǇƻǊǘŜŘ b!{! 9{5Ωǎ Ǝƻŀƭ ƻŦ ōǊƻŀŘŜƴƛƴƎ 
the use of future EO data and data products.

This ACCP study was part of a broader studyτwhich also included Mass Change and Surface Deformation 
and Changeτthat brings potential private-sector user perspectives and desires to NASA ESD DO teams to 
consider for future mission designs. This study focused on understanding user desirabilityas a key element 
in user-centered design, which also considers feasibility and viability. Learning what drives users, what key 
decisions they make, and how they want to access and use the type of data that the DO missions can deliver 
ƛǎ ǘƘŜ ŦƛǊǎǘ ǎǘŜǇ ǘƻǿŀǊŘ ōǊƻŀŘŜƴƛƴƎ b!{!Ωǎ ƴƻƴǘǊŀŘƛǘƛƻƴŀƭ ǳǎŜǊ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ 
b!{!Ωǎ ŘŀǘŀΦ

Executive Summary

Desirability

RTI focused on uncovering data intermediaries 
and end users who have needs and desires 

that could be supported by EO data.

ESD prioritizes mission efforts 
based on potential use cases that 
ǿƻǳƭŘ ōŜǎǘ ƳŜŜǘ b!{! 9{5Ωǎ 

value drivers.*

Viability

DO teams consider feasibility of 
nontraditional user desires with 
respect to DO mission plans and 

potential data products.

Feasibility

*Societal value considerations may include:
Å Environmentalτapplications that could help users make 

decisions to reduce environmental damage or preserve 
diminishing natural resources

Å Healthτapplications that can improve human health or save 
lives, such as identifying heavy aerosols in the air or 
providing early warnings for natural disasters

Å Economicτapplications that could create new products or 
services, avoid property damage or loss, or reduce risk of job 
loss by helping companies maintain steady operations

Data Intermediaries

User-Driven

Use 
Cases

Use 
Cases

Use 
Cases

Use 
Cases

Use 
Cases

Use 
Cases

End 
Users

End 
Users

End 
Users

End 
Users

End 
Users

End 
Users

Use 
Cases
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User-Centered DesignEO Data Value Chain 

(this study)
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¢ƻ ŜȄǘŜƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ 5h ŘŀǘŀΣ w¢LΩǎ Ǝƻŀƭ ǿŀǎ ǘƻ ƛŘŜƴǘƛŦȅΣ ƛƴǾŜǎǘƛƎŀǘŜΣ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƴƻƴǊŜǎŜŀǊŎƘ ǳǎŜǊ 
types along the EO data value chain and explore their interest in using DO data for decision-making. Our 
methodology, detailed in the Appendix, was based on a user-centered design framework. This process focused 
on key user-centered variablesτuncovering potential EO end users across multiple industries, characterizing 
their needs, and learning how they use data to make decisionsτto help identify and select user communities 
and users. This user-centered research was a pilot effort for NASA to consider best practices and methods 
related to engaging and assessing needs of nontraditional private- and public-ǎŜŎǘƻǊ ǳǎŜǊǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ 
enabled the ACCP and RTI teams to tackle the ambiguous task of uncovering potential nontraditional, 
unknown users of future mission data.

RTI applied a user-centered approach to understand 
and convey the voices of various user communities.

Executive Summary

ESD has a rich history of engaging 
the research and applications 
communities, and this study 
sought to expand its reach into 
the applications communities.

RTI focused on data intermediaries 
and end users that could enable or 
make decisions based on the data.

User-Centered 
Design

EO Data Value Chain 

Decadal Survey

Science and 
Applications 

Traceability Matrix

Enabled 
Applications

Architecture Data Intermediaries
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1. Image from https://vac.gsfc.nasa.gov/accp/applications.htm

Åb!{!Ωǎ !//t 5h ǘŜŀƳ ƛǎ ǿƻǊƪƛƴƎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŀŜǊƻǎƻƭǎΣ ŎƭƻǳŘǎΣ ŀƴŘ 

precipitation and how these observations ultimately affect the atmosphere, air quality (AQ), weather, 

and climate. The ACCP DO system was recommended by the National Academies of Sciences, 

Engineering, and Medicine 2017 Decadal Survey as a cost-capped, process-based mission to address 

key science objectives related to climate variability and change, as well as weather and AQ. 

ÅThe ACCP team is developing an observing system intended to jointly measure aerosol-cloud-

precipitation properties to (1) improve understanding of the processing of water and aerosols through 

the atmosphere and (2) develop societal applications enabled from this understanding. The ACCP team 

is considering a broad range of observing instruments and measurement capabilities, including radars, 

radiometers, lidars, polarimeters, and spectrometers. ACCP will deliver integrated space-based, 

airborne, and ground-based observations fundamental to characterizing these coupled aerosol-cloud-

precipitation processes. 

ÅPotential ACCP applications are being identified early in the mission planning, shown by the graphic,1

to incorporate stakeholder needs in mission design and ultimately maximize the societal benefit of 

ǘƘŜǎŜ ŦǳǘǳǊŜ ƻōǎŜǊǾŀǘƛƻƴǎΦ ¢ƘǊƻǳƎƘ Ƴƛǎǎƛƻƴ ŘŜǎƛƎƴΣ !//tΩǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƳǇŀŎǘ ǘŜŀƳ ό!L¢ύ ƛǎ ƛƴǘŜǊŜǎǘŜŘ 

in understanding nontraditional applications of these data products to the greatest extent possible.

Dƻŀƭǎ ƻŦ b!{!Ωǎ !//t 5h {ȅǎǘŜƳ 

ACCP sought to understand nontraditional applications 
for future data products that enhance predictions of 
weather, AQ,and climate. 

Executive Summary

https://vac.gsfc.nasa.gov/accp/applications.htm
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ACCP and RTI collaborated to select areas of interest, 
resulting in the characterization of seven diverse user 
communities.

1. See factors and associated analysis in the Appendix.
2. Note that the greater health community is investigating long-term exposure, from months to years to decades. 

Initial brainstorming with the ACCP AITled to documentation of approximately 50 potential application areas 
for ACCP data. To down-select to our seven user communities, we prioritized applications (and relevant user 
communities) based on their alignment with goals, objectives, and potential enabled applications outlined in 
!//tΩǎ {ŎƛŜƴŎŜ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ ¢ǊŀŎŜŀōƛƭƛǘȅ aŀǘǊƛȄΣ ŀǎ ǿŜƭƭ ŀǎ ǇǊƛƻǊƛǘȅ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ǎǳƎƎŜǎǘŜŘ ōȅ 
the team.1 Our chosen user communities focused on commercial/private-sector use of data products and 
were selected to address specific areas of interest beyond traditional NASA outreach efforts. The following 
descriptions define the scope of these communities and the user profiles and use cases covered. 

User Community Description User Profiles Covered in Study Use Cases Covered in Study

Commercial 
Aviation

Community focused on commercial passenger air travel, 
including meteorologists, pilots in airline companies, and 
airline engine manufacturers.

Å Airline Meteorologist
Å Commercial Airline Pilot
Å Airport Chief Operations Officer

Å International flight planning
Å Convection and turbulence 

prediction modeling
Å Volcanic ash modeling
Å Urban air mobility models

Major 
Logistics 
Carriers

Community focused on companies involved in parcel 
transport, especially those that leverage air-based 
transport modes. Includes meteorologists, pilots, and 
planners in logistics firms, as well as weather planners 
and companies related to unmanned aerial vehicle 
(UAV)-based logistics transport. 

Å Meteorologist in Air-based 
Logistics Firm

Å Data Analyst for Weather Firm 
Serving UAV market

Å Fog forecasting 
Å Determining safe flying 

conditions for UAVs

Logistics 
Arms of 
Major Brands

Community focused on consistently delivering food and 
retail products, which are sourced from around the 
world, to its distribution facilities and stores. Includes 
crisis managers, supply chain managers, and developers 
of weather products who enable business continuity 
planning. 

Å Crisis Manager in a 
Regional/Global Retail Company

Å Data Scientist for Weather 
Services Company that Serves 
Logistics and Transportation 
Clients

Å Allocating resources to 
maintain business continuity 

Å Identifying disruptions in 
supply chains

Data-Driven 
Agriculture 

Community directly involved with improving agricultural 
yields through implementing EO data; includes growers 
at small to medium farms; smallholder farmers; data 
scientists enabling decision-making in farm management 
and agricultural practices; and data scientists in 
smallholder advisory and financial services, large 
agricultural input, and agribusiness companies.

Å Growers at Small to Medium 
Farms

Å Data Scientist in Companies 
Developing Agricultural Decision-
Making Platforms

Å Data Scientists in Smallholder 
Farmer Advisory Services

Å Effective application of farm 
inputs

Å Mitigation of plant pests and 
disease 

Å Site similarity analysis of crops
Å Crop and AQ monitoring

Food 
Companies 
Operating in 
Tropical 
Areas

Community focused on sourcing food and beverage 
ingredients that are found in tropical regions. The 
community includes growers, ingredient buyers, food 
product manufacturers, and others involved in the 
supply chain for food and beverage companies. 

Å Tropical Ingredient Buyer
Å Food Product Manufacturer

Å Monitoring global weather 
trends

Å Monitoring micro weather 
conditions

Health and 
Short-Term 
Air Quality 
Monitoring2

Community focused on near real-time and short-term 
monitoring of AQ. Includes patients suffering from 
respiratory health issues and their caretakers; health 
care providers supporting them; and data scientists 
creating platforms that incorporate AQ, such as digital 
health platforms; eventually this community may include 
private health insurers, public purchasers, health care 
analytics companies, and charting software providers. 

Å Individual or Caretaker Managing 
Respiratory Disease

Å Clinician/Health Care Provider 
Å Technical Lead in Outdoor AQ 

Monitoring Company

Å Individual or cohort health 
monitoring 

Å Personalized medicine 
Å Environmental monitoring of a 

location

Solar Energy

Community focused on stakeholders responsible for 
siting, developing, and operating a solar power plant. 
Includes hardware and software manufacturers, service 
providers, financiers, site developers, solar service 
providers, and solar plant operators. 

Å Solar Energy Service Providers 
Å Solar Plant Operators

Å Solar site development and 
financing

Å Solar site operational 
optimization

Executive Summary

Key 
Å Intermediary
Å End User
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Future ACCP data products, supported by targeted 
engagement strategies, can bring value to varied 
private-sector user communities. 

User Community Key Takeaways

Commercial 
Aviation

Å Safe and efficienttransportationby air depends on a thorough understanding of weather conditions.This community 
is keenlyinterested in collaborating with NASA and improving data, models, and forecasts usedfor flight planning and 
en route decision-making, although resource limitations from the COVID-19 pandemic are affecting the ability to 
partner in the near term.

Å Users rely on satellite data for convective storm information and to see gaps in coverage over oceans, which affect 
their long-haul transoceanic flight planning. Turbulence and wind dynamics near developing convective storms are of 
high interest. 

Å Aerosol data needs for AQ interests, including volcanic ash, dust, and smoke in flying routes and on the ground around 
airports, are increasing. 

Major 
Logistics 
Carriers

Å Vertically resolved weather data represent an opportunity to address needs of multiple growing markets UAV-based 
and vertical takeoff and landing [VTOL] aircraft) through research and development (R&D) projects. Companies in 
these markets recognize current gaps in cloud ceiling, wind dynamics, convection, and precipitation data in the lower 
atmosphere and may be more likely to work together to address these gaps. 

Å These users share similar needs to the commercial aviation users (convective storms, volcanic ash and smoke data, 
vertically resolved fog cloud layers above 12,000 feet), work closely with aviation users, and may have more current 
bandwidth and resources to commit to working with NASA than their passenger transportation counterparts. 

Logistics 
Arms of 
Major Retail 
Brands

Å Because this user community almost exclusively relies on third-party weather data, effective engagement could occur 
through technology developers in weather insights companiesτvalue-added service providers who serve many types 
of end users. 

Å These users care most about large weather events but are starting to be interested in aerosols and AQ, mostly related 
to wildfire smoke, to monitor employee health and safety. 

Data-Driven 
Agriculture

Å Growers rely on data products that help inform agricultural practices. They need accurate observations of 
precipitation, intensity of precipitation, conditions leading to temperature inversions, temperature, humidity, and leaf 
wetness.

Å Although most growers do not consider AQ impacts, decision-making platform developers are considering adoption of 
AQ data because the community is starting to better understand its relationship to crop health. They would need 
surface-based quantification of particulate matter 2.5 (PM2.5) and ozone.

Å Students and entrepreneurship communities, often funded by large agribusinesses, serve as key drivers of novel EO 
data uses in agritech and represent key engagement partners.

Food 
Companies 
Operating in 
Tropical 
Areas

Å Food manufacturers, ingredient buyers, and growers use long-term agreements to manage demand, so long-range 
seasonal weather data are important to them.

Å Each of these users activelymonitorsweather conditions around the world, where key ingredients are grown 
throughout the year.

Å ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǿŜŀǘƘŜǊΩǎ ƛƴŦƭǳŜƴŎŜ ƻƴ ȅƛŜƭŘΣ ǇǊƛŎŜΣ ŀƴŘ ǾƻƭǳƳŜ Ǌƛǎƪǎ ƛǎ Ǿƛǘŀƭ ǘƻ ǘƘŜǎŜ ǳǎŜǊǎΦ
Å Emerging interestscenter around sustainable farming and understanding of potential impacts of climate change.

Health and 
Short-Term 
Air Quality 
Monitoring

Å Understanding aerosol particle type and quantity is a key need, but there are also research needs to establish the 

relationship between specific particle types, health outcomes, and appropriate care. Short-term community 

engagement could include research funding opportunities with federal environmental and public health agencies.

Å Although low-cost, ground-based sensors offer high-resolution and near real-time data that address individual 
monitoring needs, coverage of satellite-based data represents an opportunity to glean health insights for larger 
populations. 

Å Understanding the impacts of weather on aerosol movement can help improve AQ forecasting abilities beyond 2 days 
(desired is 2 to 7 days out).

Solar Energy

Å Historical irradiance data for a specific geographic location are used to forecast future irradiance and secure fundingτ
sometimes hundreds of millions of dollarsτto build a solar energy plant.

Å A significant effort isexpendedto remotelymonitor solar sites for performance issues. Conditions at a solar site 
aremonitoredby expensive weather stations. 

Å This community is interested in expanding to satellite data tomore accurately understand weatherand AQ conditions 
at specific locations and their potential effect on power generation. The community is interested in developing 
forecast models and ground-truthing satellite data products through R&D partnerships. 

Executive Summary



9

Multiple aerosols, clouds, convection, and precipitation 
observable needs are shared across user communities. 

Aerosol Needs Clouds, Convection, and Precipitation (CCP) Needs

Community Aerosol Type

Vertical 
Resolution 
of Aerosol 

Distribution

Colocated 
Aerosol and 

Weather 
Data

Precipitation
Temperature 

Inversions
Low Clouds 

Convective 
Hazards

Wind

Commercial 
Aviation 

Major 
Logistics 
Carriers

Logistics Arms 
of Major 
Brands 

Data-Driven 
Agriculture

Food 
Companies 

Operating in 
Tropical Areas

Health and 
Short-Term Air 
Quality 
Monitoring

Solar Energy

RTI identified several observations and phenomena that provide value to multiple communities. Potential data 
products related to these observations have the potential to deliver wide-ranging impact across the 
communities explored. 

Executive Summary
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User communities expressed a variety of specific EO 
needs related to weather and AQ.

User 

Community
Aerosol EO Needs CCP EO Needs

Commercial 

Aviation 

Å Vertically resolved aerosol data, 
focused on volcanic ash and smoke 

Å Incorporation of weather and aerosol 
data to improve modeling of ash and 
smoke plumes

Å Finer-scale observations of precipitation intensity and improved 
forecasts of precipitation intensity and type

Å Understanding of convective activity that may lead to turbulence
Å Improved observations of cloud layers with vertical resolution

Major 

Logistics 

Carriers

Å Vertically resolved aerosol data, 
focused on volcanic ash and smoke 

Å Incorporation of weather and aerosol 
data to improve modeling of ash and 
smoke plumes 

Å Accurate observed and forecasted precipitation, including type of 
precipitation (freezing drizzle, ice pellets, and hail)

Å Cloud ceilings and depths above 12,000 feet (14,000, 16,000, and 
22,000 feet)

Å UAVs: Precipitation, convection, wind in lower atmosphere (300 to 
500 feet off the ground); accurate cloud ceiling readings in lower 
atmosphere

Logistics Arms 

of Major 

Brands 

Å Surface-based PM2.5

Å Incorporation of weather and aerosol 
data to improve modeling of ash and 
smoke plumes 

Å Accurate observation of precipitation and forecasted prediction of 
precipitation, especially large weather events 

Data-Driven 

Agriculture

Å Surface-based PM2.5, other 
particulates in future

Å CO2, methane, ozone

Å Accurate observations of precipitationτwhat has fallen and at 
what intensity

Å Conditions that may lead to temperature inversions
Å Temperature, humidity, wind, and leaf wetness 

Food 

Companies 

Operating in 

Tropical Areas

Å Improved observations of 
wind/aerosol relationship (e.g., 
Harmattan winds)

Å Precipitation, humidity, wind speed, temperature, and fog data 

Health and 
Short-Term 
Air Quality 
Monitoring

Å Improved characterization of aerosol 
typesτspecific interest in wildfire 
smoke 

Å Surface-based PM2.5 and other 
particulates

Å Understanding of weather extremes such as convective activity 
and temperature inversions, which trap pollutants near the 
surface

Å Understanding of cloud-aerosol interactionsτhow precipitation, 
wind, and humidity affect deposition and dissemination of 
particles

Solar Energy
Å Aerosol particle type

Å Aerosol size distributions and vertical 
profile 

Å Accurate observed and forecasted precipitation (including 
precipitation type, snowpack)

Å Improved understanding of intermittent cloud cover

This table reflects the specific observation needs communicated by a representative selection of users within 
the specified user communities, and it is meant to be an illustrative, not exhaustive, representation of needs. 
w¢LΩǎ ƛƴǘŜǊǾƛŜǿǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ Ƴƻǎǘ ǳǎŜǊ ŎƻƳƳǳƴƛǘƛŜǎ ǇǊƻŦƛƭŜŘ ŀŎǘƛǾŜƭȅ ƛƴŎƻǊǇƻǊŀǘŜ //t Řŀǘŀ όōƻǘƘ ǎŀǘŜƭƭƛǘŜ-
and ground-based sources). The aviation, major logistics carriers, health and pollution, and solar energy 
communities are actively applying satellite- and ground-based aerosol and AQ data for decision-making, but 
other communities demonstrated an interest in future data use for monitoring crops and managing the safety 
of employees who may be exposed to unhealthy AQ conditions. 

Executive Summary
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There are numerous opportunities for ACCP data 
products to provide impact to the private sector. 

ωCommercial Aviation: Data may improve route planning around dangerous weather; minimize flight 
cancellations and delays; and enable safer, turbulence-free flights, even across oceans. 

ωMajor Logistics Carriers: Data may reduce delays from fog and volcanic ash and enable users to 
work around weather challenges to ultimately deliver parcels on time. Data may also enable new 
markets such as UAV delivery and VTOL systems to expand. 

ωLogistics Arms of Major Brands: Data may help users strategically equip facilities with the right 
resources to serve their customers during major weather events, maintain the health and safety of 
employees, and anticipate supply chain disruptions. 

ωData-Driven Agriculture: Data may inform users on the right seed varieties to use; types of crops to 
plant; and when to plant, spray, and harvest, ultimately improving crop yields and quality. 

ωFood Companies Operating in Tropical Areas: Data may help communities anticipate and react to 
climate change effects through novel observations.

ωHealth and Short-Term Air Quality Monitoring: Data can help the health care community better 
understand the health impacts of specific aerosols, forecast AQ crises, deliver appropriate 
therapies, and implement mitigation strategies. 

ωSolar Energy: Data may enable increased usage and dependence on solar power, fostering long-
term success and the impact that solar power delivers in the United States and other regions. 

Potential Impacts of ACCP Data

ά{ŀǘŜƭƭƛǘŜ Řŀǘŀ ŀǊŜ ŀōǎƻƭǳǘŜƭȅ ŜǎǎŜƴǘƛŀƭ 

and by far the most important 

component of very short-term solar 

generation forecasts. Thank you for all 

you do to provide high quality and 

ǳǎŀōƭŜ ŘŀǘŀΦέ 

τGrid Solutions Engineer, Private 

Research Organization

ά²ŜŀǘƘŜǊ Řŀǘŀ ƘŜƭǇ ǳǎ ǳƴŘŜǊǎǘŀƴŘ 

where snow, rain, wind, and heat may 

affect our buildings. It provides us the 

visibility to effectively deal with severe 

events before they come and surprise 

ǳǎΦέ 

τGlobal Crisis Manager,

Major Retail Brand

άThe next big thing is UAVsτall of the 

logistics companies are in the business 

now and working on FAA approvals. 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜǊŜΩǎ ŘŜƳŀƴŘ ŦƻǊ 

weather data in the lower 

atmosphere that will influence drone 

ƻǇŜǊŀǘƛƻƴǎΦέ

τMeteorologist, Major Air-Based 

Logistics Firm

ά²Ŝ ƴŜŜŘ ōŜǘǘŜǊ ƭƛƴƪǎ ǘƻ ŀƛǊ ǉǳŀƭƛǘȅ 

and health. Satellite data with global 

coverage would be readily used for 

ƘŜŀƭǘƘ ŀǇǇƭƛŎŀǘƛƻƴǎΦέ 

τClinical Researcher in Large University 

Healthcare System

Executive Summary
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Use cases within communities span new and existing 
user types, offering ACCP multiple ways to engage. 

The user communities and use cases covered in this report span a selection of both current users 
(commercial aviation, major logistics companies, data-driven agriculture) of ACCP-relevant NASA program of 
record (PoR) observations and potential new users of these data (logistics arms of major brands, food 
companies operating in tropical areas, short-term health monitoring, and solar energy). Among these users, 
we identified a selection of existing and new use cases for future ACCP data. Placement in the below 
quadrants was based on conversations conducted for this study and is not representative of entire industries. 
The use cases profiled represent opportunities to engage existing EO data users with new data uses, facilitate 
adoption of existing use cases for new users, or help new users create new uses for ACCP data.  As illustrated 
below, the bottom left quadrant represents a current state of engagement with known users in known use 
cases; the other three quadrants represent areas of opportunity where ACCP may engage and potentially 
increase the impact of its data with nontraditional users. These communities and use cases are indicative of 
broader impacts that future ACCP data products can bring to other communities and represent some of the 
many opportunities to further engage with nontraditional users.  

Effective Application of Farm Inputs Allocating Resources to Maintain Business 
Continuity 

Identifying Disruptions in the Supply Chain

Convection and Turbulence Prediction Modeling Monitoring Global Weather Conditions 

Monitoring Micro Weather Conditions 

Individual or Cohort Health Monitoring

Clinical Decision Support

Environmental Monitoring

Solar Site Development and Planning

Solar Site Operational Optimization 

Site Similarity Analysis for Crops

Crop and Air Quality Monitoring

Mitigation of Plant Pests and Disease

Forecasting Fog

Determining Safe Flying Conditions for UAVs

International Flight Planning

Volcanic Ash Modeling

Urban Air Mobility Models

New Uses include current NASA EO data users who 
identify new ways to use ACCP data and new purposes 
for the data.

New-New describe new uses for ACCP data by new 
users who previously did not use ACCP PoR or other 
NASA EO data. 

Known Users encompass current ACCP PoR data users. New Usersdescribe users who do not currently use 
ACCP PoR data but have the potential to use it for 
known applications or uses.

NEW USERSKNOWN USERS

N
E

W
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S
E

S
K

N
O

W
N
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S

E
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Although applications for aerosol and CCP data varied across user communities, many of these 
communities communicated similar needs for technical data. 

ωMost user communities shared spatial resolution needs of less than 1 km and subhourly temporal 
resolution. 

ωLatency needs varied across communities: the commercial aviation, major logistics carrier, and solar 
communities expressed needs for consistent low latency down to a few minutes, while other 
communities were comfortable with longer latency times or quick data delivery in certain 
circumstances.

ωForecasting needs were shared across multiple communities, although needs varied across 
communities and use cases from hourly to daily, weekly, monthly, seasonally, and yearly outlooks.

ωGlobal coverage of data, especially in areas outside of North America and Europe, is desired across 
communities. 

ωThe Analysis and Recommendations sections provide specific technical attribute needs by community, 
including spatial and temporal resolution, latency, forecasting, and coverage needs.

User communities share common needs across 
technical data attributes and accessibility preferences. 

Users consistently expressed needs for improved data accessibility, interoperability, and ease of 
integration. Data users interviewed in this study preferred the following: 

ÅGridded and processed data sets, even though users profiled in this study ranged in technical maturity. 
The analysis and recommendations section provides specific preferred data formats and needs by 
community. 

ÅEasy-to-find data sets that clearly convey the value of the product across user communities 

ÅGround-based data sources integrated with satellite-based data sources 

ÅStandardized data formats, data structures, and documentation

ÅwŜƭƛŀōƭŜ ŀƴŘ ŦƭŜȄƛōƭŜ ŘŀǘŀΣ ǿƛǘƘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ Ǉǳƭƭ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ Řŀǘŀ ƛƴǘƻ ŜƴŘ ǳǎŜǊǎΩ ǎȅǎǘŜƳǎ

ÅEO data sets with multiple variables that are aligned temporally and spatially 

ÅData with clearly labeled values and accuracy checks 

Data Accessibility Preferences

Technical Data Needs

Executive Summary
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All seven communities profiled in the study demonstrated strong interest in further collaboration. Based 
on feedback from these communities, RTI identified possible engagement strategies and short-term 
engagement opportunities.

ω Interviewees desired the following engagement strategies:

ωLeveraging their expertise as industry advisors to provide consistent feedback on data product 
application and value

ωTapping existing professional networks to understand community needs

ωCreating user-centered training and data products to help communities understand the 
potential value of future ACCP data products

ωDeveloping industry R&D projects that may lead to development of operational data products 
and engaging with entrepreneurship communities supported by corporate initiatives, such as 
incubators and hackathon communities 

ωShort-term engagement recommendations include the following: 

ÅDeepen existing relationships with focus group participants and interviewees, keeping these 
ƭŜŀŘǎ άǿŀǊƳέ ǘƘǊƻǳƎƘ ŎƻƴǎƛǎǘŜƴǘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƴŘ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ŦǳǘǳǊŜ ǿƻǊƪǎƘƻǇǎ ŀƴŘ 
conversations with the private sector.

ÅExpand from existing relationships into broader community engagement, identifying and 
participating in nodes of industry collaboration and congregation. Start with communities that 
ŀǊŜ άǊƛƎƘǘ ŀƴŘ ǊŜŀŘȅέ ŦƻǊ ǇŀǊǘƴŜǊǎƘƛǇ ǎǳŎƘ ŀǎ ǎƻƭŀǊ ŜƴŜǊƎȅΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ŦƻƻŘΣ ŀƴŘ ƭƻƎƛǎǘƛŎǎΦ

ÅEngage in joint R&D in rapidly growing markets to increase impact, especially for the UAV 
logistics and solar energy communities, who expressed near-term interest in collaborative R&D 
with NASA. Users and potential partners in these emerging markets are actively looking for data 
products that can help them meet those needs. 

ÅRaise awareness about existing data productsto help users understand and see potential 
applications to their operations. NASA should review existing informational and training 
material from the perspective of users in these communities, refresh or create new materials 
when necessary, and then launch campaigns to raise awareness among users in the high-profile 
communities.

ÅCreate communities-of-practice mechanisms to engage with value-added service providers. 
RTI recommends that NASA explore ways to partner with these intermediaries in a 
precompetitive manner to improve access to data and enhance modeling and forecasting 
systems that will benefit many users. 

Engagement Opportunities 

RTI recommends ACCP further engage with the 
profiled communities via several different approaches. 

Executive Summary
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User communities are eager to collaborate, although 
engagement strategies and readiness vary widely.

Engagement Strategies

Community
Industry 
Advisors

Professional 
Networks

User-
Centered 
Training 
and Data 
Products 

Industry 
R&D 

Projects

Entrepreneurship 
Community 
Engagement

Value-Added 
Service 
Provider

Recommendations

Commercial 
Aviation 

Plug into industry associations such as 
Airlines for America and engage 
through air-based major logistics 
carriers because the industry 
currently has limited bandwidth.

Major 
Logistics 
Carriers

Leverage professional networks to 
jointly benefit aviation and air-based 
logistics users (latter have more 
bandwidth). Capitalize on rapidly 
growing UAV and VTOL industry 
through R&D opportunities.

Logistics 
Arms of 
Major 
Brands 

Leverage value-added service 
providers for impact across multiple 
user communities and demonstrate 
value of future ACCP products to the 
community.

Data-Driven 
Agriculture

Ensure that products are discoverable 
to the community, and work with 
standards and documentation 
working groups. Use the agritech 
community as a testing ground for 
new  applications with help from 
industry advisors.

Food 
Companies 
Operating 
in Tropical 

Areas

Disseminate training opportunities to 
community and communicate how 
new products may improve their 
operations.

Health and 
Short-Term 
Air Quality 
Monitoring

Engage the traditional research 
community and possibly consider 
supporting environmental health 
funding opportunities. Leverage 
expertise from current ground-based 
data users and entrepreneurship 
communities leveraging that data.

Solar 
Energy

Capitalize on the growing solar and 
solar + storage market through R&D 
opportunities such as ground-truthing 
and development of new data 
products.

User study participants across user communities consistently demonstrated interest in and eagerness to 
address key industry needs through NASA engagement. Users offered a variety of potential engagement 
methods, which differ in levels of effort for both ACCP and industry collaborators. Although not indicative of 
the entire community, the selection of users we interviewed demonstrated interest in the following 
engagement strategies: 

Executive Summary
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b!{!Ωǎ !//t 5h ǘŜŀƳ ŀƛƳǎ ǘƻ ŜƴŀōƭŜ ŜƴƘŀƴŎŜŘ ǇǊŜŘƛŎǘƛƻƴǎ 

of weather, air quality, and climate. 

Weather and air quality (AQ) data influence business decisions 

in almost every sector. Accurate observations and forecasts can 

play a key role in managing transportation of goods and people 

across the globe, monitoring health and safety, enabling 

advancements in renewable energy, reacting to hazards and 

ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀƴŘ ƳƻǊŜΦ b!{!Ωǎ Aerosols, Clouds, 

Convection, and Precipitation (ACCP) designated observables 

(DO) team is working to understand the relationship between 

aerosols, clouds, and precipitation and how these observations 

ultimately affect the atmosphere, AQ, weather, and climate. 

The ACCP DO system was recommended by the National 

Academies of Sciences, Engineering, and Medicine (NASEM) 

2017 Decadal Survey as a cost-capped, process-based mission 

to address key science objectives related to climate variability 

and change, as well as weather and AQ. 

The ACCP team is currently developing an observing system 

intended to jointly measure aerosol-cloud-precipitation 

properties to (1) improve understanding of the processing of

NASA currently offers near-global, low-latency 
products for the community at no cost. Examples 
of these products include: 

¶ Global precipitation measurement (GPM) 
ƳƛǎǎƛƻƴΩǎ ƎǊƛŘŘŜŘΣ ƳǳƭǘƛǎŀǘŜƭƭƛǘŜ ǇǊƻŘǳŎǘ ǘƘŀǘ 
provides near-global precipitation estimates 
from 2000 to the present every 30 minutes at 
a 100-km spatial resolution. 

¶ The Terra and Aqua Moderate Resolution 
Imaging Spectroradiometer (MODIS) Aerosol 
ǇǊƻŘǳŎǘ ǘƘŀǘ ǇǊƻǾƛŘŜǎ Řŀƛƭȅ ǇǊƻŦƛƭŜǎ ƻŦ άŦƛƴŜέ 
aerosols (anthropogenic/pollution) and 
άŎƻǳǊǎŜέ ŀŜǊƻǎƻƭǎ όƴŀǘǳǊŀƭ ǇŀǊǘƛŎƭŜǎΤ ŜΦƎΦΣ 
dust) over the globe at a 10-km spatial 
resolution. 

¶ Over 20 other NASA missions produce data 
products related to aerosols and precipitation 
processes. End users from universities, 
government agencies, national and 
international nonprofit organizations, and 
private companies use the data for a range of 
diverse applications that directly benefit 
society. 

water and aerosols through the atmosphere and (2) develop societal applications enabled from this 

understanding. The table below provides an overview of observable priorities and anticipated measurement 

approaches for ACCP data. 

The ACCP team is considering a broad range of observing instruments and measurement capabilities, 

including radars, radiometers, lidars, polarimeters, and spectrometers. ACCP will deliver integrated space-

based, airborne, and ground-based observations fundamental to characterizing these coupled aerosol-cloud-

precipitation processes. 

Aerosols Clouds, Convection, and Precipitation (CCP)

Observable 
Priorities

Aerosol properties, aerosol vertical profiles, 
and cloud properties to understand their 
effects on climate and AQ

Coupled cloud precipitation and dynamic state for monitoring the global 
atmospheric hydrological cycle and understanding contributing processes 
and cloud-climate feedback

Anticipated 
Measurement 
Approaches*

Backscatter lidar and multichannel, 
multiangle/polarization imaging radiometer

Radar(s), potentially with Doppler, with multifrequency passive 
microwave and sub-mm radiometer

*Space-based, with expectations of complementary suborbital field programs with more capable airborne instruments.

User Communities
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ACCP is considering nontraditional applications of their 
future data products through mission design. 

!//tΩǎ ŜŦŦƻǊǘǎ ǿƛƭƭ ōǳƛƭŘ ƻƴ b!{!Ωǎ ǇǊƛƻǊ Ƴƛǎǎƛƻƴǎ ǘƻ ŎŀǇǘǳǊŜ ƴŜǿ ǎŎƛŜƴŎŜ-enabling observations related to 
specific science goals, including cloud feedbacks, storm dynamics, cold cloud and precipitation processes, 
aerosol processes, and aerosol impacts on radiation. Potential ACCP applications are being identified early in 
the mission planning, shown by the graphic,1 to incorporate stakeholder needs in mission design and 
ultimately maximize the societal benefit of these future observations.

Key benefits of these future data products include the following:

¶ Improved severe storm forecasting and modeling decisions through an enhanced ability to observe 
vertical motion in extreme storms, cold clouds, and snowfall estimates;

¶More accurate estimates of AQ from colocated temporal and vertical measurements of aerosol 
distribution and properties and precipitation measurements, which may benefit disaster response and 
management (e.g., wildfires); and

¶Better operational AQ forecasting from improved characterization of aerosol amounts and properties, 
including measurements of aerosol optical depth, aerosol extinction profiles, absorption aerosol optical 
depth, and aerosol single-scatter albedo.

¢ƘǊƻǳƎƘ Ƴƛǎǎƛƻƴ ŘŜǎƛƎƴΣ !//tΩǎ applications impact team (AIT)is interested in understanding nontraditional 
applications of these data products to the greatest extent possible. This study reflected a user-centered 
approach to understanding how a variety of nontraditional user communities use weather and AQ data for 
business and operational decision-ƳŀƪƛƴƎ ǇǳǊǇƻǎŜǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ŀƭǎƻ ŜȄǇƭƻǊŜŘ ǳǎŜǊǎΩ ǘŜŎƘƴƛŎŀƭ ƴŜŜŘǎ ŦƻǊ Řŀǘŀ 
products that can enhance current and future decision-making capabilities.

1. Image from https://vac.gsfc.nasa.gov/accp/applications.htm

User Communities
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Selected user communities and use cases illustrate 
opportunities for ACCP to create greater application 
impact.

User Community User Profiles Use Cases

Commercial Aviation
Å Airline Meteorologist
Å Commercial Airline Pilot
Å Airport Chief Operations Officer

Å International Flight Planning
Å Convection and Turbulence Prediction 

Modeling
Å Volcanic Ash Modeling
Å Urban Air Mobility Models

Major Logistics Carriers

Å Meteorologist in Air-Based Logistics 
Firm

Å Data Analyst for Weather Firm Serving 
Unmanned Aerial Vehicle (UAV) 
Market

Å Fog Forecasting 
Å Determining Safe Flying Conditions for 

UAVs

Logistics Arms of Major Retail Brands

Å Crisis Manager in a Regional/Global 
Retail Company

Å Data Scientist for Weather Services 
Company that Serves Logistics and 
Transportation Clients

Å Allocating Resources to Maintain 
Business Continuity 

Å Identifying Disruptions in Supply Chain

Data-Driven Agriculture

Å Growers with Small to Medium Farms
Å Data Scientist in Companies 

Developing Agricultural Decision-
Making Platforms

Å Data Scientists in Smallholder Farmer 
Advisory Services

Å Effective Application of Farm Inputs
Å Mitigation of Plant Pests and Disease 
Å Site Similarity Analysis of Crops
Å Crop and AQ Monitoring

Food Companies Operating in 
Tropical Areas

Å Tropical Ingredient Buyer
Å Food Product Manufacturer

Å Monitoring Global Weather Trends
Å Monitoring Micro Weather Conditions

Health and Short-Term Air Quality 
Monitoring

Å Individual or Caretaker Managing 
Respiratory Disease

Å Clinician/Health Care Provider 
Å Technical Lead in Outdoor AQ 

Monitoring Company

Å Individual or Cohort Health 
Monitoring 

Å Personalized Medicine 
Å Environmental Monitoring of a 

Location

Solar Energy
Å Solar Site Service Providers 
Å Solar Site Operators

Å Solar Site Development and Financing
Å Solar Site Operational Optimization

RTI engaged with a cross section of stakeholders across the value chain for each user community to 
understand their day-to-day roles, their applications of weather and AQ data, and opportunities for future 
data products. This report profiles a selection of users and use cases for each community. Although not 
exhaustive, these profiles are meant to illustrate and lead to deeper engagement with these communities.

User Communities
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Each community profile highlights a unique value 
chain, set of data users, and use cases with specific 
technical needs.

¢ƘŜ ǊŜǇƻǊǘ ǎȅƴǘƘŜǎƛȊŜǎ w¢LΩǎ ŜȄǘŜƴǎƛǾŜ ǳǎŜǊ ƛƴǘŜǊǾƛŜǿǎ ŀƴŘ ŦƻŎǳǎ ƎǊƻǳǇ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ŎƻƳƳǳƴƛǘȅ-level 
summaries that are intended to inform the reader of how a given community and its users currently use or 
may use Earth observation (EO) data in the future. These profiles reflect the perspectives and needs of users 
across roughly 50 private companies and nontraditional organizations. Although these writeups are not 
intended to be an exhaustive summary of all possible data uses and use cases within the community, they 
ǇǊƻǾƛŘŜ ƛƭƭǳǎǘǊŀǘƛǾŜ ŜȄŀƳǇƭŜǎ ƻŦ ǇƻǎǎƛōƭŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŜƴƎŀƎŜΣ ǘƘŜƛǊ άǇŜǊǎƻƴŀǎΣέ ŀƴŘ ǘƘŜƛǊ ǳǎŜǎ ŀƴŘ ƴŜŜŘǎΦ 

Each user community writeup is divided into five sections: 

ÅThe Community Overview summarizes the community, its stakeholders, and how ACCP data may affect 
the community.

ÅThe Organizational Assessment covers 1) the types of decisions made by data users in the community, 2) 
ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƭƻƴƎ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴΣ ŀƴŘ оύ ǳǎŜǊǎΩ ƎŜƴŜǊŀƭ ŀǇǇŜǘƛǘŜ ŦƻǊ Ǌƛǎƪ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴΦ

ÅThe Technical Assessment ŎƻǾŜǊǎ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƭŜǾŜƭ ƻŦ ƳŀǘǳǊƛǘȅ ǿƛǘƘ 9h ŘŀǘŀΣ ǘƘŜƛǊ ǘŜŎƘƴƛŎŀƭ ƻōǎŜǊǾŀǘƛƻƴ 
needs, and their data attribute and format preferences.

ÅUse Cases demonstrate how ACCP or EO data may be used (currently or in the future) to make decisions.

ÅUser Profiles ǇǊƻǾƛŘŜ ŀ άǇŜǊǎƻƴŀέ ƻŦ ŀ ǇƻǘŜƴǘƛŀƭ Řŀǘŀ ǳǎŜǊ ǘƻ ƛƭƭǳǎǘǊŀǘŜ Ƙƻǿ ǘƘŜȅ Ƴŀȅ ǳǎŜ !//t ŀƴŘ ƻǘƘŜǊ 
EO data.

User Communities
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ACCP User Community Profiles

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

Data-Driven Agriculture

Food Companies Operating in Tropical Areas

Health and Short-Term Air Quality Monitoring

Solar Energy

User Communities
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Commercial Aviation

Community Overview

The U.S. commercial aviation sector is massive and complex. Before the COVID-19 global pandemic, a typical 
day in 2019 would find 45,000 flights shuttling 2.9 million passengers to approximately 5,000 public airports 
across the country. The economic impact of this sector is estimated at $488 billion annually, constituting over 
5% of the gross domestic product.1 Most commercial airlines also fly to international locations, which greatly 
expands the scope of geography, time, flight crew availability, and weather conditions for which they must 
plan. 

Moving Forward with ACCP

Members of this community expressed high levels of interest in collaborating with NASA in future 
development of applications to address several use cases outlined belowτtempered only by the uncertainty 
and downsizing that the community is currently experiencing because of the COVID-19 global pandemic. 
Individual organizations in this community (e.g., airlines, data service providers) could become collaboration 
partners. There are also convening bodies, such as the A4A, through which a broader collaboration could 
develop. 

RTI identified five use cases that can serve as opportunities to collaborate with the aviation community to 
deliver improved solutions derived from EO data: (1) international flight planning, (2) convection and 
turbulence prediction modeling, (3) volcanic ash modeling, (4) urban air mobility models, and (5) fog 
forecasting.2

1. Historical flight data and economic impact from FAA by the Numbers (https://www.faa.gov/air_traffic/by_the_numbers/).
2. See major logistics carriers section for more details on forecasting fog.

Selected User Profiles for ACCP

Airline 
Meteorologist

Airline Pilot
Airport Chief 

Operations Officer

Potential Use Cases for ACCP Data Products

International flight planning 

Convection and turbulence prediction modeling 

Volcanic ash modeling 

Urban air mobility models 

Fog forecasting2

End UsersIntermediaries

User Communities

https://www.faa.gov/air_traffic/by_the_numbers/
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Organizational Assessment

The commercial aviation user community is already highly dependent on weather data on a daily and hourly 
basis for safe and reliable transportation of passengers and crew. This community is actively experimenting 
with a variety of data sources and reporting measures and is eager to collaborate with NASA or anyone else 
who can provide improved data or data products. The need to understand AQ/aerosol-related conditions is 
increasing but is not at a similar level of critical need as weather conditions. Each flight represents a series of 
planning steps and decisions that must be made. 

Decisions that airlines make that incorporate weather and AQ data include:

¶PlanningτWeather data are used to inform decisions at national scale and regional scale (meaning a 
multiple-state area) on alterations to flight schedules and flight paths. Forecasts are used to determine if 
flights will need to be canceled, delayed, or reroutedτpreferably far enough in advance (24ς36 hours) to 
minimize the effects on passengers and crews.

¶DispatchτEach airport terminal has to make decisions about whether a flight can depart on time, arrive, 
or be rerouted. Local weather and AQ conditions play a major factor in this decision-making.

¶En routeτWhile en route, pilots rely on ground-based radar, satellite-based data, and sensors on nearby 
aircraft to understand the weather and AQ conditions in which they are flying. Course corrections to fly 
above storms and route around turbulent areas have effects on timely arrival and fuel consumption. 

The airline, in conjunction with air traffic control advice from the Federal Aviation Administration (FAA), 
makes decisions about taking off and landing. Althoughairports are distinctly separated from this decision-
making, airport operations crews have their own set of needs and decisions to make based on weather 
conditions. Of primary importance is lightning in the vicinity. Lightning presents a risk to aircraft fueling 
operations; fueling is halted for a specific time frame, typically 12 to 15 minutes, when lightning is spotted 
within a defined radius of an airport, typically 3 to 5 miles. The threat of high winds will set airport and 
airlines crews in motion to secure or store aircraft and other ground-based equipment. 

Commercial Aviation

User Communities



24

Organizational Assessment (cont.) 

Aircraft engine manufacturersare increasingly interested in AQ and aerosol-related conditions for their 
products because most major engine manufacturers have shifted their business model away from selling the 
physical product of an engine to selling reliable hours and use of that engine. This shift means that the 
engine manufacturer still owns the engine and is responsible for all maintenance and repair necessary to 
keep the engine operating reliably and safely. As a result, these manufacturers are tracking the flight paths of 
every engine on every flight. They are increasingly interested in the conditions through which their engines 
are flying. Volcanic ash, sand, dust, and ice crystals present conditions that may trigger additional repairs or 
maintenance; thus, the ability to better identify those conditions and fly around them is of great interest to 
these manufacturers. 

Given the criticality of weather data to safe and efficient operations, it should be no surprise that this set of 
users is very familiar with weather data sources, formats, and applications and very open to exploring new 
data sets, data products, and increased levels of forecasting accuracy that may be available in the future. 
b!{!Ωǎ ŎǳǊǊŜƴǘ ǇǊƻƎǊŀƳ ƻŦ ǊŜŎƻǊŘ όtƻwύ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ǿŜƭƭ ƪƴƻǿƴ ƛƴ ǘƘƛǎ ŎƻƳƳǳƴƛǘȅΣ ŀƴŘ b!{! ƛǎ ǇŜǊŎŜƛǾŜŘ ŀǎ 
a valuable, trusted partner. New and better data and data products that can improve knowledge of weather 
and AQ conditions could have a significant positive effect on this community. 

Data Intermediaries End Users

Data are collected from satellite 
sources (e.g., National Oceanic and 
!ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ 
[bh!!Ωǎϐ DŜƻǎǘŀǘƛƻƴŀǊȅ hǇŜǊŀǘƛƻƴŀƭ 
Environment Satellite [GOES] and 
NASA's ISS-Lightning Imaging Sensor), 
from ground-based radar, and from in-
flight weather observations. Satellite 
data are fed to the National Weather 
{ŜǊǾƛŎŜΩǎ όb²{Ωǎύ {ŀǘŜƭƭƛǘŜ .ǊƻŀŘŎŀǎǘ 
Network and viewed in the Advanced 
Weather Interactive Processing System 
via the National Hurricane Center, 
Aviation Weather Center, or other 
proprietary display or data systems.

Intermediaries integrate data from 
government and ground-based sources 
to create value-added products for the 
aviation community. Users in this 
community include airline 
meteorologists and value-added 
service providers. Illustrative examples 
of firms active in this community that 
enable customized mapping and 
graphics are IBM/Weather Channel, 
Jeppesen, Sonalysts, Pivotal Weather, 
Weather Bell, Cirrhus Lighter, and 
Tropical Tidbits.

Users in this community include airline 
pilots, airport chief operating officers, 
and aircraft engine manufacturers. 
Each user is highly interested in 
weather data, and some expressed 
increasing interest in applying AQ data 
to their decision-making. Users 
interviewed by RTI expressed a high 
level of interest in collaborating with 
NASA in future endeavors. 

Commercial Aviation

User Communities
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Technical Assessment

The safe and reliable operation of a single plane is a highly technical marvel. Scaling that effort up to safe and 
reliable global operation of all commercial aircraft is a highly complex technical operation, requiring close 
coordination among airline planners, airline meteorologists, regional operations centers, FAA air traffic 
control, and local airport operations. Understanding current and forecasted weather conditions at each 
airport location and along each flight path is critical to the successful operation and safe transport of 
passengers and crew. This set of users is already highly dependent on weather data on a daily and hourly 
basis, is actively experimenting with a variety of data sources and reporting measures, and is eager to 
collaborate with NASA or anyone else who can provide improved data or data products. 

Weather and AQ data are consumed from a variety of sources: satellites, ground-based radar, and even the 
aircraft themselves. Despite the richness and variety of data currently available, this community has 
articulated clear needs. Latency of data was mentioned many times and varies by application. For 
understanding fast-moving convective storms, rerouting around turbulence, or adjusting long-range flight 
plans, latency in minutes is desired. For other applications related to ozone or volcanic ash, much lower 
latency is acceptable. Spatial resolution needs to follow a similar pattern, in which tens of meters is desired 
in urban areas near airports and 1 km resolution is acceptable in less dense areas. Easier integration of data 
sets from different sources to formulate a global view is desired. Examples are summarized here and 
ŜȄǇŀƴŘŜŘ ƻƴ ƛƴ ǘƘŜ ά¦ǎŜ /ŀǎŜǎέ ǎŜŎǘƛƻƴΦ 

Improved localized weather forecastingτCurrent forecasts on convective storms are insufficient for 
predicting actual conditions in very localized settings, such as a specific airport. For example, a categorical or 
statistical risk outlook or broad forecast from the NWS that overly generalizes threat, region, or timing might 
be insufficient for minute-to-minute flight planning and operations (i.e., 40% of thunderstorms in a large 
region this afternoon). Airline meteorologists want to give a very specific forecast to their flight crews and 
ground-based operations in the path of the storm and, thus, have to create their own forecasts using a 
variety of data products to deliver the desired spatial and temporal fidelity.
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Technical Assessment (cont.)

Convection and turbulence prediction modelingτTurbulence in flight presents potential hazards to 
passengers and crew. The community desires improved understanding of convective activity that leads to 
turbulence and better prediction of turbulent areas along flight paths. Understanding convective activity is a 
very challenging issue given the dynamic nature of the conditions that lead to turbulence. 

International flight planningτLong-haul flights across the Pacific Ocean have very little data to predict 
weather conditions along the flight path or detect meaningful changes in the conditions that could adversely 
affect the flight path (e.g., high winds that increase fuel consumption, convective storms, turbulence 
conditions). Unlike domestic flights, these transoceanic flights do not have ground-based radar feeds to assist 
them, nor are there a meaningful number of other aircraft in the air to serve as weather sensors. Thus, 
satellite data that address global conditions becomes the most important data asset to help the flight crew 
and air traffic controllers. 

Volcanic ash modelingτ±ƻƭŎŀƴƛŎ ŀǎƘ Ŏŀƴ ŎŀǳǎŜ ǎƛƎƴƛŦƛŎŀƴǘ ŘŀƳŀƎŜ ǘƻ ŀƴ ŀƛǊŎǊŀŦǘΩǎ ŜƴƎƛƴŜǎΤ ǘƘŜǊŜŦƻǊŜΣ ŦƭƛƎƘǘǎ 
avoid any area assumed to have airborne ash. Users interviewed for this project believe current models are 
too conservative and would benefit from the integration of timely data from satellites. Better 
characterization of the plume, its direction, and change over time is desirable. 

Urban air mobility modelsτNŜǿ ŀƛǊŎǊŀŦǘΣ ƪƴƻǿƴ ŀǎ άŀƛǊ ǘŀȄƛǎέ ƻǊ ŜƭŜŎǘǊƛŎ ǾŜǊǘƛŎŀƭ ǘŀƪŜƻŦŦ ŀƴŘ ƭŀƴŘƛƴƎ 
(eVTOL), are expected to enter the market in the next few years and create a new alternative to ground-
based transportation (taxis, buses, personal vehicles) for short-distance transport. Weather data, particularly 
a deeper understanding of wind and turbulence dynamics in urban environments, are critical to the 
successful launch and expansion of this new mode of transportation. 

Several notable technology trends and developments may positively influence further adoption of weather 
data. Significant efforts are underway to develop more advanced algorithms for systemwide information 
management and planning systems. Similarly, developments are underway to explore turbulence detection 
ǳǎƛƴƎ ǇŀǎǎƛǾŜ ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ ŎƻŎƪǇƛǘΦ {ȅƴǘƘŜǘƛŎ ǾƛǎƛƻƴκǾƛǎƛōƛƭƛǘȅ ǎȅǎǘŜƳǎ ƛƴ ŘŜǾŜƭƻǇƳŜƴǘ Ƴŀȅ ƘŜƭǇ Ǉƛƭƻǘǎ άǎŜŜέ 
through fog and other limited visibility conditions. Several users commented that climate change is leading to 
more disruptive storms, more turbulence, and more conditions that create wildfires. 

Commercial Aviation
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Commercial Aviation

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future 

decision-making capabilities. Examples of use cases within this community are as follows:

Å International flight planning 

ÅConvection and turbulence prediction modeling 

ÅVolcanic ash modeling

ÅUrban air mobility models

ÅFog forecasting (covered in the Major Logistics Carriers section)

International flights rely on satellite data to avoid convective storms and turbulence. 

Pilots have a critical need for up-to-date and accurate information on the weather and AQ conditions into which they are flying.

Getting up-to-date and accurate information becomes increasingly difficult for long-haul international flights, especially over large bodies of 
water, such as the Pacific Ocean. Flying over land, especially U.S. geographies, provides the benefit of extensive ground-based radar systems. In 
contrast, flying over the Pacific means pilots are operating with significantly less information and are increasingly relianton satellite systems 
for up-to-date changes. 

The contrast to domestic flights is significant. With domestic flights, other aircraft in the vicinity or those that flew similar routes earlier in the 
day, serve as data sourcesτin combination with radar and satellite dataτto characterize storm fronts and turbulence. With ocean crossings, a 
smaller number of planes are traversing a larger geographic space. Improved access to data before and during transoceanic flights will improve 
flight planning and may become the differentiator between operating the flight nonstop, forcing an unexpected stop, or canceling the flight 
altogether. 

Improved convection data are critical for accurate turbulence prediction models that ensure 
smooth, safe flights. 

Turbulence and visibility are two of the greatest concerns to pilots. Turbulence is hard to predict; is difficult to identify; and can lead to 
uncomfortable, sometimes injury-causing, flying conditions. Pilots want to better predict when and where turbulence will appear to provide a 
smoother flight and minimize the risk of injury to passengers and crew. Airline meteorologists and flight planners want to improve guidance 
regarding altering flight paths to avoid convective storms. Current industry norms of 5 to 20 miles are artifacts from times when data were not 
as readily available. The impact of wind on urban environments, especially around airport terminals, is of great interest. 

Airlines are trying to find ways to deliver better information to pilots in the air about the turbulent conditions ahead of them. Examples of 
current efforts include: 

Å Creating in-house turbulence data tools incorporating grid data and meteorologist input;

Å Testing service provider products such as Turbulence Aware, which creates an index for absolute turbulence (rather than relying on 
subjective input from pilots); and

Å Sending pilots nowcasts for graphical turbulence guidance to give pilots representation of computer-based turbulence modeling.

What pilots want most is high-resolution, 3D models of wind and turbulence, but several challenges are associated with providingthis type of 
data. One is constructing easy-to-interpret data that require minimal bandwidth when uploading to an aircraft. Another is characterizing 
turbulence readings beyond where airplanes currently fly. Data beyond that captured on aircraft en route are limited. Models to characterize 
high-risk areas cannot be validated because planes should not fly into those areas.
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Commercial Aviation

Use Cases (continued)

Volcanic ash is the greatest AQ concern expressed by airlines and pilots; improved data and 
modeling are needed. 

Volcanic ash is consistently cited as the greatest AQ concern for airlines and pilots. Particles from volcanic ash can cause serious damage to 

aircraft engines, resulting in potential risk of performance issues mid-flight. Volcanic ash is an irregular occurring issue, but when volcanic 

activity occurs, it can have a significant and long-lasting effect on flight planning in and around the affected regions. 

Currently, airlines rely on data and models provided by the Volcanic Ash Advisory Centers (VAAC), a collection of nine centers spanning the 

globe. The VAACs are responsible for monitoring volcanic activity and generating volcanic ash advisories when volcanic activity occurs. The 

VAAC is a partnership between NOAA and the International Civil Aviation Organization. 

The current tools and models used for tracking the spread of volcanic ash are generally considered overly conservative and lacking in accuracy 

and latency, thus leading to unnecessary levels of cancellations. More accurate data and models would help improve forecasts of the size and 

movement of the ash. Airline meteorologists stated that determining the concentration of airborne ash based on current modelsisdifficult. 

They desire a way to independently verify ash concentration. Improvements would help minimize the disruption to air traffic.

For example, the ash concentration models used during the 2010 Iceland eruption did not quickly incorporate new satellite observations to 

portray the evolving size and shape of the plume. Days later, satellite data and direct observations in air at several altitudesconfirmed a 

perfectly clear day over central Europe, yet the entire European airspace was closed. Ash concentration models, validated andregularly 

updated by ground-truthing and satellite input, would be considered a major improvement. 

.

άCƭȅƛƴƎ ǘŀȄƛǎέ ŀƴŘ ƻǘƘŜǊ ±¢h[ ǾŜƘƛŎƭŜǎ Ƴŀȅ ōŜ ǘƘŜ ŦǳǘǳǊŜ ƻŦ ŀƛǊ ǘǊŀǾŜƭΦ DǊŜŀǘŜǊ ƛƴǎƛƎƘǘǎ ƻƴ ǿƛƴŘ 
and turbulence in urban areas are critical to successful launch and expansion of this new mode 
of transportation. 

The commercial aviation industry is expanding in new directions. Most notable is the rapid growth of investment in urban air mobility vehicles. 
Known by many namesτflying taxis, eVTOL, etc.τthese aircraft are electric powered and deploy VTOL maneuvers that enable them to take off 
and land quietly. These new types of aircraft will be deployed in the next few years, perhaps as early as 2024. Applications include shuttles to 
and from airports and intra-city transport as an alternative to taxis, buses, and other ground-based transportation. 

Many unknowns must be resolved before effectively introducing and expanding the market for these aircraft. Users in the community cited a 
need for a deeper understanding of wind, turbulent conditions, and other weather phenomena in urban environments. Improved data and 
models are needed to manage flight routing and optimization to provide safe and efficient transportation. Spatial resolution in the tens of 
meters is desired for this use case and will require integration of ground-based and satellite-based sensing. Developing solutions to harness 
wind and turbulent conditions in urban environments is seen as critical to achieving the full economic impact that urban air mobility promises.
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Airline Meteorologist

User Community:

Commercial Aviation

Who are they?

Certified meteorologist, background 
and education in meteorology 

Who do they work for?

Major airlines employ teams of 
meteorologists to provide weather 
and AQ decision support in the form 
of guidance, alerts, and 
recommendations.

Airline meteorologists are avid users of a 
variety of sources for weather and AQ data; 
they are eager to collaborate with NASA. 

What decisions are they making (and how) today?

Airline meteorologists provide support to a variety of internal 
customers, including national and regional operations centers, flight-
planning teams, flight dispatchers, ground crews servicing aircraft, and 
pilots. 

Data products in use include satellite data, fed through government 
systems, and commercial products that enable customized mapping and 
graphics. Data available from sources like these, coupled with input 
from ground-based radar, satellites, and the aircraft themselves, provide 
a high level of actionable insights across North America.

Weather-related planning horizons tend to be in the 4- to 12-hour 
range, with the exception of major weather events, such as hurricanes, 
tropical storms, and large winter storms. These are large, slow-moving 
weather events that are tracked and forecast days in advance. If 
weather or AQ issues are going to force a cancellation or delay, the 
airlines want to be able to make that call as early as possible to direct 
passengers to best alternatives. 

Do they have experience with EO data?

Airline meteorologists are mature, avid users of a variety of data sources 
for weather and AQ data. They are able to interpret data products at a 
lower level (levels 2 and 3) or leverage these data to develop their own 
in-house weather forecast models, such as thunderstorm or wind 
models. 

What do they care about? 

Airline meteorologists are primarily concerned with tracking and 
predicting weather phenomena. 

Weather phenomena of the highest impact to airline operations include 
convective storms, precipitation, wind and turbulence, lightning, and 
fog. Storms affecting flight routes and storms within 60 miles of airports 
are two areas of focus. 

άtǊŜŘƛŎǘƛƴƎ ŎƻƴǾŜŎǘƛǾŜ ǎǘƻǊƳǎ ƛǎ 

really troublesome. We need 

ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀƴ ΨǘƘŜ 

ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ ǊƛƎƘǘΩ ŦƻǊ 

convective storms. Accurately 

ǇǊŜŘƛŎǘƛƴƎ ǘƘŜ ǎǘƻǊƳǎΩ ǘƛƳŜΣ 

duration, location is a nine-

ŦƛƎǳǊŜ ƻǇǇƻǊǘǳƴƛǘȅΦέ 

τDirector of Operations Center 

for Major Airline Carrier

End UsersIntermediaries

Airline Meteorologist
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What are their technical needs?

The quality, quantity, and fidelity of data greatly decrease outside of 
North America, specifically over oceans and in other countries. This is a 
big concern and area of opportunity with this community. Airline 
meteorologists want more and better data to predict convective storms 
and turbulence, including improved spatial resolution of wind 
components and turbulent conditions in and around urban 
environments. 

What would motivate them to use NASA EO data?

Airline meteorologists already use NASA data. Users in this community 
have a high level of interest in collaborating with NASA, and some have 
collaborated with NASA in the past. 

What are their adoption barriers for using NASA EO data?

Adoption barriers noted by these users include difficulty of integrating 
data integration from various data sources, plus limitations on latency 
for tracking convective storms and turbulence. These barriers currently 
limit their use of NASA EO data. 

What are they afraid of?

Commercial airlines are heavily dependent on understanding weather 
and AQ conditions to operate smoothly and safely. These companies 
rely heavily on their meteorologists and the tools and data they use to 
provide the best insights possible to ensure safe operations for 
passengers and crew. 

What do they NOT care about?

AQ is a lesser concern, but areas of interest center around volcanic ash 
and ozone. Volcanic ash can harm a jet engine. Ozone levels inside the 
aircraft must be monitored to stay within federally mandated limits. The 
ozone level is more of an issue with aircraft flying at altitudes above 
28,000 feet.

What are some key use cases?

Å International flights over oceans

ÅTurbulence insights

ÅVolcanic ash

ÅUrban air mobility models 

ÅForecasting fog

Airline Meteorologist

άL ŎŀƴΩǘ ǘƘƛƴƪ ƻŦ ŀƴƻǘƘŜǊ ƛƴŘǳǎǘǊȅ 

that is impactedby weather 

more than aviationΦέ

τDirector of Operations Center for 

Major Airline Carrier

ά²Ŝ ŀǊŜ ŀƭǿŀȅǎ ŜȄǇƻǎŜŘ ǘƻ 

extreme weather based on 

where we fly. Hubs like San 

Francisco, Chicago, Houston, 

and Newark are uniquely 

impacted by weather 

ǇƘŜƴƻƳŜƴŀΦέ

τMeteorologist for Major Airline 

Carrier
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Airline pilots rely on satellite- and ground-
based weather and AQ data throughout 
each flight to avoid convective storms and 
turbulence. 

Commercial Airline Pilot

User Community:

Commercial Aviation

Who are they?

Airline pilots are end users of 
weather and AQ data provided by 
airline meteorologists, and they bear 
the ultimate responsibility for the 
safety of passengers on their 
aircraft. Many join commercial 
airlines after a career as a military 
pilot. 

Who do they work for?

The airlines for which they fly 
employ pilots. 

What decisions are they making (and how) today? 

Pilots, in conjunction with ground-based air traffic controllers, must 
make decisions throughout a flight about any changes to the flight path 
that will avoid convective storms or turbulence. Decisions to land the 
plane early, and where to do so, also are made by the pilot. Data 
available in North America, from government and private sources, 
coupled with input from ground-based radar, satellites, and the aircraft 
themselves, provide a high level of actionable insights for pilots. 
Planning horizons for weather data range from a few hours before 
domestic U.S. flights to several hours before international flights. 
Planning horizons shift to minutes while in flight; pilots have a critical 
need for up-to-date and accurate information on the weather and AQ 
conditions into which they are flying.

Do they have experience with EO data? 

Pilots are consumers of gridded, highly processed weather and AQ data, 
which are essential for the smooth and safe operation of each flight. 

What do they care about? 

The quality, quantity, and fidelity of data greatly decrease outside of 
bƻǊǘƘ !ƳŜǊƛŎŀΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ƻǾŜǊ ƻŎŜŀƴǎ ŀƴŘ ƛƴ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΦ ! ǇƛƭƻǘΩǎ 
need for up-to-date and accurate information is satisfied for most 
domestic U.S. flights but becomes increasingly difficult to address with 
long-distance flights, flights over large bodies of water, flights in and 
around storm fronts, and flights encountering freezing conditions and 
fog. 

Pilots and technology developers at airlines and service providers are 
working on improving data products to use in the cockpit during a flight. 
New products are being developed for use in avionics systems in 
cockpits and on portable devices, such as tablets that can be placed in 
the cockpit. These products deliver information to the pilot. In some 
cases, the tablet is used as a sensor to share data such as turbulence 
measurements back to airline operation centers and with other aircraft 
in the vicinity. 

άhƴ ŀ ƭƻƴƎ-haul flight at the 

margins of an aircraft's range 

capability, an en route flight 

time difference of 10ς15 

minutes due to strong winds, 

convective weather avoidance, 

etc. could easily be enough to 

cause that flight to replace 

paying customers with fuel, or 

ƴƻǘ ƻǇŜǊŀǘŜ ŀǘ ŀƭƭΦέ 

τMeteorologist, 

Major Airline Carrier 

End UsersIntermediaries

Commercial Airline Pilot
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What are their technical needs?

Turbulence and visibility are two of the greatest concerns to pilots. 
Turbulence is hard to predict; is difficult to identify; and can lead to 
uncomfortable, sometimes injury-causing, flying conditions. Pilots want 
to better predict when and where turbulence will appear to provide a 
smoother flight and minimize the risk of injury to passengers and crew. 
Pilots also want to understand any visibility constraints related to fog as 
they approach a landing site. 

What would motivate them to use NASA EO data?

Pilots would value improved data assets that address localized 
convective, turbulent, and foggy conditions. 

What are their adoption barriers for using NASA EO data? 

One of the technical hurdles during flight is receiving high-fidelity data 
as a small file size in the cockpit.

What are they afraid of? 

Pilots are afraid of unpredictability of weather or AQ conditions and 
how that can affect the safety of passengers and crew. 

What do they NOT care about?

tƛƭƻǘǎ ƎŜƴŜǊŀƭƭȅ ŀǊŜ ƴƻǘ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ōŜƛƴƎ άŘŜǾŜƭƻǇŜǊǎέ ƻŦ ƴŜǿ Řŀǘŀ 
products. However, they want to have a strong voice in how those new 
data products will be used in the cockpit. 

What are some key use cases?

Å International flights over oceans

ÅTurbulence insights

ÅVolcanic ash

ÅUrban air mobility models 

ÅForecasting fog

Commercial Airline Pilot

άLƴŀŎŎǳǊŀǘŜ ǘǳǊōǳƭŜƴŎŜ Řŀǘŀ Ŏŀƴ 

cause significant injuries to crew 

and passengers and can 

ǳƭǘƛƳŀǘŜƭȅ ƭƻǎŜ ǳǎ ŎǳǎǘƻƳŜǊǎΦέ 

τStrategy Director, 

Major Airline Carrier 
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Airport operations teams focus on the 
safety of ground-based crews and 
equipment and actively monitor lightning 
conditions that can halt fueling operations. 

Airport Chief 
Operations Officer 

User Community:

Commercial Aviation

Who are they?

The chief operations officer of an 
airport oversees all of the operations 
for which the airport is responsible: 
primarily runway and terminal site 
maintenance and development. This 
is distinctly different from airline 
operations. Airlines are responsible 
for the safety of their passengers, 
equipment, and crews. Airlines work 
closely with the FAA, air traffic 
controllers, and their internal 
meteorologists and staff to make all 
decisions, including flight planning, 
delays, cancellations, rerouting, and 
deicing. 

Who do they work for?

They are members of the leadership 
team of an airport, likely reporting 
to the CEO/president. 

What decisions are they making (and how) today?

Airport operations are less sensitive to weather conditions than airline 
operations. Aside from major weather events, such as hurricanes or 
snow/ice storms, airport operations teams are monitoring one critical 
weather phenomena: lightning. Lightning detected within a 3-mile 
radius of the airport triggers a halt to any aircraft refueling operations. 

Airport operations centers monitor weather data separately from 
airlines and air traffic controllers. 

Do they have experience with EO data? 

These users are daily consumers of EO data via intermediaries. Weather 
data sources include NWS, National Hurricane Center, and the Weather 
Channel.

What do they care about? 

When lightning is detected, the airport notifies the airlines, who then 
notify their refueling crews to stand down. Refueling crews must wait a 
mandatory period of time (typically 12 to 15 minutes) before returning 
to work. Any new lightning strike resets the clock. In the summer, and at 
busy airports, the refueling delay begins to prevent numerous aircraft 
from taking off, which blocks gates and keeps other aircraft from landing 
or from approaching gates after landing. 

High winds associated with tropical storms or hurricanes (over 40 mph) 
prompt airport operations to activate emergency response plans, which 
include securing or moving ground-based vehicles. The planning horizon 
time frames used by airport operation centers are in minutes because 
their focus is primarily on lightning in the vicinity.

End UsersIntermediaries

Airport Chief Operations 
Officer 
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ά9ȄǘǊŜƳŜ ŎƭƛƳŀǘŜ ŜǾŜƴǘǎ ŀǊŜ 

increasing insurance risks and 

premiums. High wind and hail 

are two of our greatest 

ƛƴǎǳǊŀƴŎŜ ŎƻƴŎŜǊƴǎΦέ 

τVice President, 

Environmental Affairs, 

International Airport

What are their technical needs?

Current NWS forecasts and terminal aerodrome forecasts (TAFs) are not 
always sufficient to address the particular needs of a given airport. For 
example, mountainous terrain makes it difficult to predict summer 
thunderstorms in Denver. The users desire improved models of winds 
and air flows, cloud height, lightning data, and temperature. They want 
better spatial resolution that provides a highly localized view of 
convective and lightning activity around the airport region.

What would motivate them to use NASA EO data?

Tools to better predict or track lighting activity would help reduce 
operational delays. Users in this community have a high level of interest 
in collaborating with NASA, and some have collaborated with NASA in 
the past. 

What are their adoption barriers for using NASA EO data? 

Users rely primarily on radar-based data. EO data that complement or 
improve on local radar would increase adoption. 

What are they afraid of? 

Risk of injury to ground crews and damage to aircraft and ground 
support vehicles are their primary concerns.

What do they NOT care about?

AQ data are not in high demand at most airports. Airlines are 
responsible for their own emissions and for visibility-related takeoff and 
landing decisions. 

What are some key use cases?

ÅTurbulence insights

ÅUrban air mobility models 

ÅForecasting fog

Airport Chief 
Operations Officer 

"Improved lightning detection 

can make the difference between 

passengers waiting ten minutes 

and three hours." 

τChief Operations Officer, 

International Airport
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ACCP User Community Profiles

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

Data-Driven Agriculture

Food Companies Operating in Tropical Areas

Health and Short-Term Air Quality Monitoring

Solar Energy
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Community Overview

Logistics carriers are in the business of transporting parcels quickly and reliably all around the world. Parcel 
shipping was a $317 billion business in 2018, with 87 billion parcels shipped around the world, and the 
¦ƴƛǘŜŘ {ǘŀǘŜǎ ƘŜƭŘ Ƨǳǎǘ ƻǾŜǊ ŀ ǘƘƛǊŘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǎǇŜƴŘƛƴƎ ƻƴ ǇŀǊŎŜƭ ǎƘƛǇǇƛƴƎΦ1 Major logistics companies 
rely on a combination of air-, sea-, and land-based transportation modes to get parcels to the intended 
ǊŜŎƛǇƛŜƴǘǎΦ Lƴ ǘƘƛǎ ƛƴŘǳǎǘǊȅΣ ǘƛƳŜ ƛǎ ƳƻƴŜȅΦ ¢ƛƳŜƭȅ ŘŜƭƛǾŜǊȅ ƻŦ ƎƻƻŘǎ ƛǎ Ǿƛǘŀƭ ŦƻǊ ƳŀƛƴǘŀƛƴƛƴƎ ŎǳǎǘƻƳŜǊǎΩ ǘǊǳǎǘ 
and future business. As UAV technology and regulations evolve, these companies are looking to UAVs as an 
approach to parcel delivery. This nascent UAV market was sized at $642 million in 2019 and is projected to 
grow to $7.4 billion by 2027.2 These companies must work around weather and AQ challenges to get their 
cargo to its intended destination, so they need high-quality data products to help them accurately assess 
safety threats and strategically invest resources to deliver on time. Any delays to their operations cost them 
time, fuel, and their reputation. 

Moving Forward with ACCP

This user community avidly uses EO data for air-based applications and appears to actively look for ways to 
ƛƳǇǊƻǾŜ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ Ŧƭȅ ŀǊƻǳƴŘ ƛƴŎƭŜƳŜƴǘ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎΦ !//tΩǎ ŦƻŎǳǎ ƻƴ ƛƳǇǊƻǾƛƴƎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
convective events and weather events at a variety of elevations, such as low clouds, high clouds, and fog, will 
enable this user community to better navigate weather challenges that affect parcel delivery. Data coverage 
in higher latitudes will help companies operating in many of their northern hubs. Air-based carriers often 
work closely with commercial airline providers, in organizations such as Airlines for America, to collectively 
improve the safety of air transport. Engagement with these collaboratives may enable greater evaluation and 
adoption of NASA data in day-to-day flight activities.

1. Statista. (2019, November 8). 87 billion parcels were shipped in 2018. https://www.statista.com/chart/10922/parcel-shipping-volume-and-parcel-spend-in-
selected-countries/

2. Fortune Business Insights. (n.d). Drone package delivery market size, share & COVID-19 impact analysis by type, by package size,by end-use, and regional 
forecast, 2020-2027. https://www.fortunebusinessinsights.com/drone-package-delivery-market-104332

3. See aviation user community.

Major Logistics Carriers

Selected User Profiles for ACCP

Data Scientist in Weather 
Insights Company Serving 

UAV Market

Meteorologist in Air-Based 
Logistics Firm

Potential Use Cases for ACCP Data Products

Fog forecasting

Determining safe flying conditions for UAVs

International flight planning3

Convection and turbulence prediction modeling 3

Volcanic ash modeling3

End UsersIntermediaries

User Communities

https://www.statista.com/chart/10922/parcel-shipping-volume-and-parcel-spend-in-selected-countries/
https://www.statista.com/chart/10922/parcel-shipping-volume-and-parcel-spend-in-selected-countries/
https://www.fortunebusinessinsights.com/drone-package-delivery-market-104332
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Organizational Assessment

Logistics firms are interested in understanding weather phenomenaτespecially related to air travelτthat 
may affect their ability to deliver a parcel to its specific destination at the predicted time. Although most 
major parcel carriers use air- and land-based modes to transport parcels, their dispatching and operations 
sections are siloed and use different data products to manage weather-related threats. The air-based side, 
led by meteorologists, operates in a network communications center that coordinates with internal 
stakeholders, such as flight dispatchers, operations coordinators, and pilots, as well as external stakeholders, 
such as the FAA. They rely on a number of weather products and information, including script-based systems, 
to create quickly consumable data sets for these end users. Although they navigate in a risk-averse 
environment, their technical background enables them to try and evaluate new data products. Ground-based 
transportation arms are more likely to rely on inexpensive third-party providers and communication with 
other drivers to monitor weather conditions. 

Many logistics companies are currently looking to UAVs as a means of delivering parcels. As FAA and airspace 
policies are changing to accommodate the possibility of UAV-based delivery mechanisms, weather products 
suited for the needs of commercial drone pilots are required. Because these aircraft are very small and fly at 
significantly lower altitudes than airplanes (<1,000 feet), they are prone to being taken off course by strong 
winds. Data scientists for weather insights companies serving UAV markets provide forecasts and guidance 
for UAV operators, but logistics operations centers may incorporate UAV-tailored weather forecasts in the 
future. 

Air-based firms monitor storms and convective activity that affect the plane in flight, as well as fog, wind, and 
ice, which affeŎǘ ǘƘŜ ǇƭŀƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǘŀƪŜ ƻŦŦΣ ƭŀƴŘΣ ŀƴŘ ǳƴƭƻŀŘΦ ¦ǎŜǊǎ ƛƴ ǘƘƛǎ ŎƻƳƳǳƴƛǘȅ ǳǎŜ ǿŜŀǘƘŜǊ ŀƴŘ !v 
data to make decisions that balance the safety of company staff with on-time parcel delivery. Data can be 
used to delay, cancel, or reroute flights and trucks; identify locations to house planes so that they do not 
become iced over in cold conditions; and understand fuel necessary for planes and trucks to get to their 
destination, even with rerouting. UAV companies use weather data for go/no-go flight decisions and route 
planning around weather phenomena. 

Major Logistics Carriers

Data Intermediaries End Users

Data are collected from ground-based 
radar sources and from a variety of 
satellite providers, including NOAAPort 
products (AWIPS, SBN), Himawari, 
GOES-16, and private satellite firms, 
such as Spire.

Data may be aggregated into detailed 
and gridded weather data products for 
air-based applications and used along 
ǿƛǘƘ ¢!Cǎ ƻǊ ǿŀǊƴƛƴƎǎ ŦǊƻƳ bh!!Ωǎ 
Automated Surface Observing Systems 
(ASOS). Meteorologists leverage these 
data sources: they may create their 
own weather forecasting models or 
use script-based systems to 
communicate weather insights to 
internal stakeholders. 

Meteorologists communicate weather 
insights from these tools to flight 
dispatchers, operations coordinators, 
and pilots. Using these data products, 
meteorologists provide guidance on 
flight rerouting and delays around 
hazards such as convective storms, 
volcanic ash, and ice, for example. 

User Communities
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Technical Assessment

Meteorologists employ data through ports that are commonly used by the aviation industry, such as NWS 
ŘŀǘŀΣ bh!!tƻǊǘΣ ƻǳǘǇǳǘǎ ŦǊƻƳ bh!!Ωǎ !{h{Σ ŀƴŘ ¢!Cǎ ǘƘŀǘ ŀǊŜ ǇǊƻǾƛŘŜŘ ōȅ bh!! ƛƴ ŎƻƻǊŘƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ 
FAA. They often use third-party vendors that create high-resolution, gridded data products, which are routed 
to the appropriate command center decision-maker. Often, the meteorologist uses script-based systems, 
ǎǳŎƘ ŀǎ aŜǘŜƻ{ǘŀǊΩǎ [ŜŀŘƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ !ƴŀƭȅǎƛǎ ŀƴŘ 5ƛǎǇƭŀȅ {ȅǎǘŜƳ ό[9!5{ύΣ ǘƻ ŎǊŜŀǘŜ ŎǳǎǘƻƳƛȊŜŘ ŀƴŘ 
easy-to-read data sets for their customers. For air-based logistics, some users managing weather operations 
are highly trained or technically literate in meteorology and can use data that are at a lower level (levels 2 
and 3 data). Ground transportation users often rely on freely available, simple, highly processed tools, such 
as everyday radar weather applications and highway updates. Updates from satellite data providers like 
NOAA are used by dispatchers and drivers alike. Ground-based transportation carriers are less likely to 
employ advanced satellite data products than air-based carriers.

These users note that small satellites using radio occultation for atmospheric sounding may enable global 
coverage of weather with high resolution and improvement of weather models. This technology may 
compete with large satellites.

Because of the quickly changing nature of weather, the user community generally needs high-resolution, 
low-latency data that have excellent coverage within the areas they ship to:roughly 500 m to 1 km is helpful 
outside of urban areas and down to 100s to 10s of meters in urban areas to better understand wind 
dynamics. Although observed weather dataτincluding precipitation, clouds and fog, and windτplay a key 
role in weather models, data end users need forecast models that give them roughly 4 hours of lead time to 
react to weather for domestic flights, 12 to 14 hours for international flights, and 2 to 3 days before large 
natural disaster events. Both air- and ground-based users noted instances where radar or meteorological 
aerodrome (METAR) reports had not indicated freezing rain or freezing drizzle, which led to slippery or icing 
conditions. Improved models to detect and accurately forecast this type of precipitation would improve 
safety conditions for these carriers. Examples of needs are summarized further in the following use cases: 

Forecasting Fog: Understanding fog and low clouds at a number of altitudes can help meteorologists better 
predict burn-off times and reduce delays and overtime costs. Improved understanding of fog conditions can 
also help drivers in freight-based logistics understand the best times and routes to avoid problem areas. 

Determining Safe Flying Conditions for UAVs: UAVs are lighter aircraft that are strongly affected by wind, 
precipitation, and convective activity (such as wake turbulence off of a building). UAV operators need 
accurate, vertically and horizontally resolved data to prevent losing control of the craft or losing parcels. 

Major Logistics Carriers

User Communities
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1. Ward, T. (2020, September 9). Walmart now piloting on-demand drone delivery with Flytrex. https://corporate.walmart.com/newsroom/2020/09/09/walmart-

now-piloting-on-demand-drone-delivery-with-flytrex
2. UPS. (n.d.). ¦t{ CƭƛƎƘǘ CƻǊǿŀǊŘϰ ŘǊƻƴŜ ŘŜƭƛǾŜǊȅΦ https://www.ups.com/us/en/services/shipping-services/flight-forward-drones.page

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future 

decision-making capabilities. Examples of use cases within this community are as follows:

ÅFog forecasting

ÅDetermining safe flying conditions for UAVs

Å International flight planning (covered in Commercial Aviation section)

ÅConvection and turbulence prediction modeling (covered in Commercial Aviation section)

ÅVolcanic ash modeling (covered in Commercial Aviation section)

Improved understanding of fog at different altitudes can help predict burn-off times more 
accurately, lessening delay times. 

For users within the logistics community, fog affects visibility, which limits the ability to operate. In air-based firms, fog may prevent the pilot 
from being able to take off and land safely, and fog may delay or reroute ground-based transportation. Fog is difficult to forecast and may 
significantly affect operations, depending on the station; mountainous or coastal terrain may be more susceptible to fog.

For air-ōŀǎŜŘ ƭƻƎƛǎǘƛŎǎΣ bh!!Ωǎ !{h{Σ ŀ ƪŜȅ ǿŜŀǘƘŜǊ ǊŜǎƻǳǊŎŜ ŦƻǊ ǇƛƭƻǘǎΣ ǇǊƻǾƛŘŜǎ ŀ ǾƛŜǿ ƻŦ ŦƻƎ ŎŜƛƭƛƴƎǎ ŀǘ мнΣллл ŦŜŜǘ όƛΦŜΦΣ άŎƭŜŀǊέ ǎƪƛŜǎ ƳŜŀƴ 
clear below 12,000 feet), but users have indicated a need to understand visibility at higher altitudes (namely, 14,000, 16,000, and 22,000 feet). 
Current measurement methods do not give insights into the vertical height of the fog, which affects predictions on its burn-off times; if fog has 
not burned off by a certain amount of time before the flight, many airlines delay or cancel the flight. Users need a more accurate three-
dimensional view of low clouds and fog (including vertical heights of the fog clouds) and improved forecasting abilities to understand when 
certain areas are clear or fogged. Improved prediction will provide more certainty and reduce downtime for flights. 

/ǳǊǊŜƴǘ ŀƛǊ ǊŜƎǳƭŀǘƛƻƴǎ ǊŜǉǳƛǊŜ ǘƘŀǘ ǘƘŜ Ǉƛƭƻǘ ōŜ ŀōƭŜ ǘƻ ǎŜŜ ǘƘŜ Ǌǳƴǿŀȅ ōŜŦƻǊŜ ƭŀƴŘƛƴƎ όƛΦŜΦΣ άŦƭȅƛƴƎ ōȅ ǎƛƎƘǘέύΣ ōǳǘ ǎƻƳŜ ŀirlines are looking into 
ŜƴƘŀƴŎŜŘ Ǿƛǎƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ŀǳƎƳŜƴǘ ŦƭƛƎƘǘ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎΦ ¢Ƙƛǎ ǘŜŎƘƴƻƭƻƎȅ ǿƻǳƭŘ ŜƴŀōƭŜ Ǉƛƭƻǘǎ ǘƻ άǎŜŜ ǘƘǊƻǳƎƘ ǘƘŜ ŎƭƻǳŘǎέusing a 
camera, even at lower visibilities, and increase capacity to fly on bad-weather days. Development of these value-adding vision tools will need 
accurate models and observations of the hazards that they help address. 

Accurate wind and convective data in the lower atmosphere are critical to the successful 
implementation of UAV-based parcel carriers.

In the logistics sector, both major carriers and brands are exploring the use of drone-based delivery. For example, UPS has created a 
subsidiaryτUPS Flight Forward1τto explore drone-based delivery networks for hospitals, and Walmart is piloting drone delivery services with 
drone startup Flytrex.2

Although drones must abide by FAA regulations, their weather needs are quite different than those of airlines. The ability toforecast and 
operate around these conditions will be key for eventual implementation of this technology and serve as a key opportunity andchallenge for 
weather-based insights companies. Drones are much lighter than aircraft and fly around 300 to 500 feet off the ground. Wind and precipitation 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŦŦŜŎǘ ŀ ŘǊƻƴŜΩǎ ōŀǘǘŜǊȅ ƭƛŦŜ ŀƴŘ ŀōƛƭƛǘȅ ǘƻ ŦƭȅΦ .ŜŎŀǳǎŜ ǘƘŜǎŜ ŘŜǾƛŎŜǎ ŀǊŜ ǇƛƭƻǘŜŘ ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘΣ ǘƘŜ ƻǇŜǊŀǘor relies on value-
added service providers to understand whether the UAV can fly in current and future weather conditions. 

These providers described a need for improved precipitation and wind observations in this low altitude (with a vertical resolution of 50-65 feet, 
or roughly 15 to 20 m)  to improve predictive models that help determine safe flying conditions for UAVs. 

Major Logistics Carriers

User Communities

https://corporate.walmart.com/newsroom/2020/09/09/walmart-now-piloting-on-demand-drone-delivery-with-flytrex
https://corporate.walmart.com/newsroom/2020/09/09/walmart-now-piloting-on-demand-drone-delivery-with-flytrex
https://www.ups.com/us/en/services/shipping-services/flight-forward-drones.page
https://www.ups.com/us/en/services/shipping-services/flight-forward-drones.page
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Meteorologists in air-based logistics 
companies are looking for improvements 
for fog and AQ conditions, which often 
threaten on-time parcel delivery. 

Meteorologist in 
Air-Based Logistics Firm

User Community:

Major Logistics Carriers

Who are they?

In a logistics firm relying on air 
travel, the meteorologist oversees 
the development and 
communication of timely and 
accurate forecasts to flight 
dispatchers, operations 
coordinators, and pilots. 
Meteorologists may also consider 
turbulence effects when the firm is 
carrying fragile cargo.

Who do they work for?

hŦǘŜƴ ōŀǎŜŘ ƛƴ ǘƘŜ ŦƛǊƳΩǎ ƴŜǘǿƻǊƪ 
operations command center, 
meteorologists are primarily 
interested in weather conditions 
that affect the flight routeτsuch as 
precipitation, thunderstorms, and 
other convective eventsτas well as 
phenomena around the hubs that 
ŀŦŦŜŎǘ ǘƘŜ ǇƭŀƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǘŀƪŜ ƻŦŦ 
and land, such as icy conditions and 
fog. 

What decisions are they making (and how) today? 

Meteorologists relay weather information that can lead to flight delay, 
rerouting, or cancellation. For these organizations, time is money. 
Decision-makers must balance the safety of their crews while ensuring 
that parcels arrive at the right destinations on time. Meteorologists 
communicate with decision-makers, who use these data to understand 
where to route resources for deicing planes; where to route planes to 
avoid freezing over; what may be the quickest method to get cargo to a 
distribution center, which may include diversion and use of ground 
methods to reach the destination; how much fuel should be used to 
ensure planes get to their destination despite possible flight-path 
changes; possible impacts on ground operations, such as high winds 
preventing unloading of lightweight or empty carriers; how to time 
flights to prevent crews from timing out; and when fog will burn off, 
making it safe to land and take off. Often, meteorologists use script-
ōŀǎŜŘ ǎȅǎǘŜƳǎΣ ǎǳŎƘ ŀǎ aŜǘŜƻ{ǘŀǊΩǎ [9!5{ ǎȅǎǘŜƳΣ ǘƻ ŎǊŜŀǘŜ ŎǳǎǘƻƳƛȊŜŘ 
and easy-to-read data sets for their customers. These stakeholders rely 
on data products, such as NOAAPort, and often use satellite feeds, such 
as data from GOES-мс ŀƴŘ W!·!Ωǎ IƛƳŀǿŀǊƛ ǎŀǘŜƭƭƛǘŜΣ ōǳǘ ǘƘŜȅ Ƴŀȅ ǳǎŜ 
third-party vendors to help them write scripts for gridded, easily 
interpretable products to communicate with less-technical data users, 
such as pilots or ground staff. 

Do they have experience with EO data?

Meteorologists managing weather operations are often sophisticated 
users of EO data. They are able to interpret data products at a lower 
level (levels 2 and 3) or leverage these data to develop their own in-
house weather forecast models, such as thunderstorm or wind models. 

What do they care about? 

Meteorologists care about accurately understanding risks across their 
network of hubs. Because these carriers often fly in the Pacific 
Northwest and to higher latitude hubs, such as Anchorage, they must 
avoid safety threats such as volcanic ash and wildfires. Current modeling 
and data products for improved fog and volcanic ash modeling do not 
tend to accurately reflect when these elements dissipate, so 
meteorologists must take a conservative approach. For example, 
meteorologists may recommend delaying or canceling a flight if fog does 
not dissipate by 1 am the morning of the flight. Because of the quickly 
changing nature of weather, the user community generally needs high-
resolution, low-latency data that have excellent coverage.

End UsersIntermediaries

Meteorologist in Air-
Based Logistics Firm

User Communities
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ά²ŜŀǘƘŜǊ ƘŜƭǇǎ ǇƛƴǇƻƛƴǘ ǘƘŜ 

risks, the time frame of the risk, 

and the impact to operations, 

especially around our hub 

ŀƛǊǇƻǊǘǎΦέ 

τSenior Meteorologist, 

Major Carrier

What are their technical needs?

Users need a more accurate three-dimensional view of low clouds and 
fog (including depth of the fog clouds) and improved forecasting abilities 
to understand when certain areas are clear and fogged. Improved 
prediction will provide more certainty and reduce downtime for flights. 
Current measurement methods do not give insights into fog depth, 
which affects predictions on its burn-off times. Users need improved 
volcanic ash data that accurately model the size and shape of the plume 
and where it may be heading, given weather predictions. These users 
have similar technical needs for the aviation communityτcomparable 
needs for resolution, lead time for data, and improved ability to 
understand convective activities of weather phenomena. Users need a 
means to detect freezing drizzle, ice pellets, and hail, which the ASOS 
often does not pick up. 

What would motivate them to use NASA EO data?

Meteorologists are motivated by data that could easily fit into TAFs or 
be incorporated into the script-based systems that they use to 
disseminate information to relevant stakeholders. Despite the 
regulation and safety needs for air-based transport, these users seemed 
eager to try new data products. 

What are their adoption barriers for using NASA EO data? 

The time for understanding, evaluating, and incorporating these data in 
the current workflows could be an adoption barrier. 

What are they afraid of? 

Flight-based operations are a risk-averse industry; meteorologists must 
know that the data sources they are using are accurate and reliable 
enough to ensure crew safety. 

What do they NOT care about?

These users share many needs with meteorologists based in the aviation 
community. One point of differentiation is mitigating turbulenceτ
turbulence is often mitigated for passenger comfort in commercial 
aviation, but most logistics carriers do not focus on turbulence (unless it 
is present in intense storms) because it is not often a safety threat.

What are some key use cases?

Å International flights over oceans

ÅVolcanic ash

ÅUrban air mobility models 

ÅForecasting fog

Meteorologist in 
Air-Based Logistics Firm

User Communities
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Data scientists serving UAV operators 
emphasized a need for improved convective 
and precipitation data in the lower 
atmosphere. 

Data Scientist for 
Weather Company 

Serving UAV Markets

User Community:

Major Logistics Firms 

Who are they?

These users aggregate and 
incorporate weather data into 
actionable insights that recreational 
and commercial drone pilots can 
use. 

Who do they work for?

These individuals work for weather 
services companies: large 
enterprises serving multiple markets 
or small companies with data 
products tailored to UAVs. 
Ultimately, they could be part of 
drone companies in the future, 
should these entities decide to offer 
or acquire weather service 
providers. 

What decisions are they making (and how) today? 

Weather phenomena can significantly affect operations of UAVs. 
Because they are operating small craft, operators must be wary of 
updrafts, high winds, and precipitation that can cause friction and drag 
on a battery. Turbulence caused by convective activity, or even wake 
turbulence off of a building, can affect a UAV. Weather, such as rain or 
hail, can damage the drone or necessitate flying in higher or lower 
areas. UAVs should not be within 500 feet of a cloud ceiling, which may 
cause visibility issues and difficulty in operating. These users create 
weather products that can help operators make the following decisions: 

ÅAt what altitude can I miss clouds and fog that affect my visibility? 

ÅWhich route can help me save battery? 

ÅCan I fly my UAV safely today? 

Å Is my craft at least 500 feet away from a cloud ceiling? 

These users consider data that are pertinent to the lower atmosphere 
(<1,000 feet), where drones fly. They often incorporate satellite-based 
weather data sources from public sources such as NASA and NOAA 
(although they would not divulge which sources) and commercial 
satellite-based data from Spire and other providers that have lower-
orbiting craft with higher resolution. 

Do they have experience with EO data? 

Data scientists in these companies have a sophisticated level of 
expertise in EO data that enables them to aggregate multiple types of 
satellite and nonsatellite data products and develop predictive weather 
models. 

What do they care about? 

They care about weather data in the lower atmosphere that may cause 
damage or failure to a UAV. Improved predictability for wind, moisture 
(which can help them understand visibility), and convective events (like 
microbursts) can help an operator avoid areas that could lead to parcel 
loss or damage. 

End UsersIntermediaries

Data Scientist for 
Weather Company 

Serving UAV Markets

User Communities
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What are their technical needs?

These users need better measurements 300 to 500 feet off the ground 
for wind and improved moisture profiles to understand clouds and 
visibility. They require an improved understanding of dynamic 
convective changes that could affect a UAV, such as being able to predict 
weather and microbursts, and an improved ability to forecast icing in 
ŎƭƻǳŘǎΣ ǿƘƛŎƘ ŀŦŦŜŎǘǎ ŀ ŘǊƻƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ŦƭȅΦ ¢ƘŜȅ ǿƻǳƭŘ ǇǊŜŦŜǊ ǘƻ ƘŀǾŜ 
the data around 0 to 6 hours ahead of time, 500 m spatial resolution, 
and 15-m or 20-m vertical resolution. 

What would motivate them to use NASA EO data?

Data that are easily discoverable with the vertical resolution that the 
industry needs would motivate them to adopt EO data.

What are their adoption barriers for using NASA EO data? 

Although there is a large amount of commercially available weather 
ŘŀǘŀΣ ŦŜǿ ǳǎŜǊǎ ŀǊŜ ŀǿŀǊŜ ƻŦ b!{!Ωǎ ǿŜŀǘƘŜǊ Řŀǘŀ ǇǊƻŘǳŎǘǎΣ ǿƘŀǘ ƳƛƎƘǘ 
set them apart, and how these can benefit them. 

What are they afraid of? 

Eventual adoption of UAVs in logistics and other applications hinges on 
their ability to fly safely and reliably. Accurate and comprehensive 
weather data in the lower atmosphere are key to establishing this. 

What do they NOT care about?

They do not care about weather data that are too high in terms of 
altitude: wind conditions over 1,000 feet are not useful to them. 
Currently, AQ is not a known issue for UAV engine mechanisms. 
Thunderstorms are often not concerning for users either, because UAVs 
often do not operate long enough to run into unexpected 
thunderstorms and will plan around them. 

What are some key use cases?

ÅDetermining safe flying conditions for UAVs: This information can be 
useful not only to UAVs but also in future VTOL aircraft that may 
operate in the lower atmosphere.

Data Scientist for 
Weather Company 

Serving UAV Markets

ά5ǊƻƴŜ Ǉƛƭƻǘǎ ŀǊŜ ƴƻǘ ƭƛƪŜ ŀƛǊƭƛƴŜ 

pilotsτǘƘŜȅ ŎŀƴΩǘ ŜȄŀŎǘƭȅ ǎŜŜ 

the weather that is happening, 

and it is hard to recover from 

ƛǎǎǳŜǎ ǿƘŜƴ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ 

ǿƛǘƘ ŀŎŎǳǊŀŎȅ ǿƘŀǘ ƛǎ ƎƻƛƴƎ ƻƴΦέ 

τCEO, Drone-Based Weather 

Company

ά¢ƘŜ ƴŜȄǘ ōƛƎ ǘƘƛƴƎ ƛǎ ¦!±ǎτall 

of the logistics companies are in 

the business now and working 

on FAA approvals. Therefore 

ǘƘŜǊŜΩǎ ŘŜƳŀƴŘ ŦƻǊ ǿŜŀǘƘŜǊ 

data in the lower atmosphere 

that will influence drone 

ƻǇŜǊŀǘƛƻƴǎΦέ

τMeteorologist, Major Air-Based 

Logistics Firm

User Communities
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ACCP User Community Profiles

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

Data-Driven Agriculture

Food Companies Operating in Tropical Areas

Health and Short-Term Air Quality Monitoring

Solar Energy

User Communities
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Community Overview

Major retail brandsτwhether they sell grocery items, hardware supplies, housewares, or other productsτ
work to consistently bring high-quality products to their consumers all over the world. These companies, 
which operate regionally or globally, source goods from a variety of locations, and weather can affect many 
points of their supply chain. Grocery stores, which generated $634 billion in sales in 2018 in the United 
States alone, are especially vulnerable to global and local weather effects when delivery and quality of 
perishable goods are affected.1 Customers appreciate the ability of these retail brands ǘƻ ǎŜǊǾŜ ŀǎ ŀ άƎƻ-ǘƻέ 
store when they need items and their consistency of goods between stores. As such, these retailers rely on 
their logistics arms to ensure business continuity across all stores. Although their direct use of satellite-based 
weather data products is low, this user community depends on value-added service providers that integrate 
these data. 

Moving Forward with ACCP

Continued incorporation of EO data will be an opportunity for logistics companies to monitor and anticipate 
impacts to their facilities and supply chain partners. ACCP data, through value-added service providers, may 
ultimately improve accurate predictions of precipitation and AQ that may affect supplier and customer 
access, disruptive AQ events, and seasonal weather that could affect supplier availability and pricing. ACCP 
could engage this community through targeted training events to help crisis managers understand the value 
of these data products, but adoption will happen through service providers. 

1. U.S. Department of Agriculture, Economic Research Service. (2021, May 25). Retail trends. https://www.ers.usda.gov/topics/food-markets-prices/retailing-
wholesaling/retail-trends.aspx

Selected User Profiles for ACCP

Data Scientist for Weather 
Insights Company

Crisis Manager in a 
Regional/Global Retail 

Company

Potential Use Cases for ACCP Data Products

Identifying disruptions in the supply chain 

Allocating resources to maintain business continuity 

End UsersIntermediaries

Logistics Arms of Major Retail Brands 
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Organizational Assessment

Even during extreme weather events, retailers such as grocery stores and hardware stores must meet the 
needs of their consumers before the event and be operational as soon as possible. This user community 
values weather and AQ information that can help them identify and address potential affects on store 
operations and distribution of vital inventory, while maintaining staff and property safety. These data are 
used to make decisions that optimize trucking routes; identify stores that need protection measures, such as 
sandbags and boards; and allocate proper resources to affected areas. This information can help decision-
makers allocate commodities to surrounding stores when one store may be inaccessible and to staff when 
appropriate. Ensuring continuity of service also requires close monitoring of suppliers that ship in 
commodities from all over the globe. Weather may affect price or availability of a commodity at its source, 
and weather events en route may delay or spoil the commodity if it is perishable. 

Users within this community represent crisis managers from brands that sell goods directly to the consumer, 
as well as companies that directly supply their stores. Although smaller retail brands may rely solely on free 
sites, such as Weather Channel phone applications, larger companies may use dashboard-based platforms, 
such as StormGeo, which create personalized and actionable insights for users, withaccess to meteorologists 
for decision-making needs and capabilities to communicate key information to relevant staff across the 
nation or world. Data scientists for these weather insights companies integrate satellite- and ground-based 
data sources into platforms that enable supply chain managers, crisis managers, and pricing specialists to 
understand potential business disruptions.

Logistics Arms of Major Retail Brands 

Data Intermediaries End Users

Data are collected from ground-based 
radar sources and from a variety of 
satellite providers, including NASA, 
NOAA, and the European Space 
Agency. 

Data may be aggregated into platform 
companies that provide gridded 
weather and AQ insights. These value-
added service providers may create 
their own atmospheric models or rely 
on intermediaries that create global 
numerical weather prediction models. 

Crisis managers use data products and 
disseminate information across the 
company, communicating risks to store 
managers, distribution leads, and 
drivers. These data help facilities make 
decisions on allocating manpower and 
commodities and reacting to possible 
supply chain disruptions from weather.

User Communities
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Technical Assessment

Users within this community often do not have experience with satellite data outside of third-party data 
sources. Although smaller companies may rely solely on free sites, such as Weather Channel phone 
applications, larger companies use dashboard-based platforms, such as StormGeo, which provide access to 
meteorologists for decision-making needs and help communicate key information to relevant staff across the 
nation or world. Gridded and highly visual data products help communicate crisis needs to store managers, 
distribution leads, and drivers. Probabilistic, rather than deterministic, forecasts can provide more 
information to help these users effectively balance business risks.

These users are interested in events that may affect the ability of staff and customers to access the store, 
such as snow and storms with power outages and damaging winds. They need an accurate precipitation 
forecast and must understand what routes and areas have been flooded or are prone to flooding. Most 
major brands have multistate or nationwide coverage and may source commodities such as produce from 
tropical and coastal areas. 

For end users of data, forecast models are much more relevant to their decision-making than observed data.
¦ǎŜǊǎ ƴŜŜŘ ŀǘ ƭŜŀǎǘ нп ǘƻ пу ƘƻǳǊǎΩ ƴƻǘƛŎŜ ǘƻ ǊŜŀŎǘ ǘƻ ǇƻǘŜƴǘƛŀƭƭȅ ŀŘǾŜǊǎŜ Řŀȅ-to-day weather events, while 
ƭŀǊƎŜǊ ŜǾŜƴǘǎΣ ǎǳŎƘ ŀǎ ƘǳǊǊƛŎŀƴŜǎ ŀƴŘ ƭŀǊƎŜ ǎƴƻǿǎǘƻǊƳǎΣ ƴŜŜŘ ŀōƻǳǘ о ǘƻ т ŘŀȅǎΩ ƴƻǘƛŎŜΦ 5ŀǘŀ ŀƴŀƭȅǎǘǎ ƛƴ 
weather insights companies are looking for accurate observations of weather data, such as precipitation, 
temperature, and wind, over global coverage to incorporate into their decision-making platforms. These 
users also expressed needs for global measurements of surface-based particulate matter and a better 
understanding of weather and aerosol interactions, which may enable improved forecasts in response to AQ 
events, such as wildfires.

Although high-resolution (less than 1 km) data help provide a clear picture of how an individual store may 
react in terms of flooding, region-level data can provide users a more holistic, time-saving, and easy-to-
interpret picture of possible problem areas. Hourly data capture would be ideal for data analysts. Examples 
of needs are summarized further in the following use cases: 

Identifying disruptions in supply chainτMany retail brands and their downstream supply chain rely on 
goods shipped from all over the world, including those that may be perishable. Long- and short-term 
weather events, such as droughts and typhoons, may affect the availability or price of goods. Crisis managers 
must rely on accurate global gridded data to help identify and react to potential impacts to the supply chain. 

Allocating resources to maintain business continuityτDuring inclement weather, such as a hurricane, store 
and facility operations and access may be limited. Weather may also affect specific needs of customers, such 
as nonperishable goods, in response to events that may lead to power outages. Accurate weather and AQ 
forecasts help crisis managers make decisions on how to allocate their resources and best serve their 
customers and employees safely. 

Logistics Arms of Major Retail Brands 

User Communities
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1. Ward, T. (2020, September 9). Walmart now piloting on-demand drone delivery with Flytrex. https://corporate.walmart.com/newsroom/2020/09/09/walmart-

now-piloting-on-demand-drone-delivery-with-flytrex
2. UPS. (n.d.). ¦t{ CƭƛƎƘǘ CƻǊǿŀǊŘϰ ŘǊƻƴŜ ŘŜƭƛǾŜǊȅΦ https://www.ups.com/us/en/services/shipping-services/flight-forward-drones.page

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future 

decision-making capabilities. Two examples of use cases within this community are as follows:

ÅAllocating resources to maintain business continuity 

Å Identifying disruptions in the supply chain

Accurate observations and forecasts of storms and AQ events can help ensure the right 
facilities are prepared for weather events. 

Weather not only has a profound effect on business operations for a major brand, but it also affects how customers shop. Threatsof severe 
storms, winter weather, or wildfires require crisis managers to allocate resources to best address needs. Crisis managers of major brands work 
closely with their marketing department to configure a store setup to highlight useful productsτessentials like batteries, nonperishables, and 
generatorsτand with their supply chain to ensure that enough supplies are allocated to the right stores. Managers may also direct supplies 
from one store to another, knowing that an area is historically prone to flooding or other adverse weather phenomena, and they may use 
historical data to understand appropriate staffing for stores and distribution centers. Crisis managers run into challenges whenforecasts are 
inaccurate. This may lead to overstocking one store while leaving other stores out of critical items or leaving stores prone to weather damage. 
Users hope to have accurate data products predictable as far out as possibleτideally, 24 to 48 hours or more, with 3 to 7 days for severe 
events such as hurricanes. End users also hope to have data products that provide insights for large regional areasτin addition to high-
resolution dataτso they can easily ingest high-level data before diving into potential problem areas. 

Global forecasts help crisis managers make informed purchasing decisions and identify 
potential supply chain threats.

²ŜŀǘƘŜǊ ŀŦŦŜŎǘǎ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƻŦ ŀ ƳŀƧƻǊ ǊŜǘŀƛƭŜǊΩǎ ǎǘƻǊŜǎΣ ŎǳǎǘƻƳŜǊǎΣ ŀƴŘ ǎƻǳǊŎƛƴƎ ǇŀǊǘƴŜǊǎΦ aŀƧƻǊ ōǊŀƴŘǎ όƛƴŎƭǳŘƛƴƎ ŘƛǎǘǊƛōution companies 
such as grocery suppliers) often source commodities from different parts of the globe. For example, grocery stores may rely on suppliers in 
tropical and coastal areas for fruit, especially during winter months. Many of these areas are subject to hurricanes and severe weather events. 
Crisis managers and logistics leads monitor weather to identify which suppliers may be affected and seek out alternative sourcesto prevent 
store shortages. Long-term weather data (closer to 3 months out) with global coverage can also indicate locations with commodityshortages 
and pricing changes due to drought or destructive precipitation. 

Logistics Arms of Major Retail Brands 

User Communities

https://corporate.walmart.com/newsroom/2020/09/09/walmart-now-piloting-on-demand-drone-delivery-with-flytrex
https://corporate.walmart.com/newsroom/2020/09/09/walmart-now-piloting-on-demand-drone-delivery-with-flytrex
https://corporate.walmart.com/newsroom/2020/09/09/walmart-now-piloting-on-demand-drone-delivery-with-flytrex
https://www.ups.com/us/en/services/shipping-services/flight-forward-drones.page
https://www.ups.com/us/en/services/shipping-services/flight-forward-drones.page
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Retail crisis managers rely on accurate 
global weather data to anticipate and 
mitigate impacts to business operations. 

Crisis Manager in a 
Regional/Global 
Retail Company

User Community:

Logistics Arms of Major Retail 
Brands

Who are they?

Crisis managers for large retailers, 
such as grocery, home improvement, 
and housewares stores, monitor 
threats to operations of their stores, 
distribution centers, and 
transportation fleets.

Who do they work for?

In larger multinational companies, 
the manager may sit within a 
corporate communications center or 
manage a small team divided by 
region.

What decisions are they making (and how) today? 

Crisis managers route weather and AQ information to the right decision-
makers and advise how to direct supplies, staff, and other resources 
necessary to maintain business operations. These managers must 
balance continuity of their services with the safety of their customers, 
staff in stores and distribution centers, and partner sites. Weather data 
help them assess potential weather threats and make informed and 
risk-mitigating decisions. AQ is increasingly a safety concern in areas 
with frequent wildfires. 

These data help crisis managers make the following decisions: What 
commodities do our customers need to deal with the incoming 
weather? Where should we strategically distribute our limited supply of 
commodities, such as dry goods, batteries, and generators? Which 
stores and distribution facilities may have access challenges because of 
inclement weather? Which facilities may need materials for storm 
preparations? When are wind speeds or AQ readings too dangerous for 
distribution center staff to load and unload or for transportation fleets 
to operate? How might a weather event affect supply chains for the 
products we sell? What alternative routes should we take to source a 
commodity? 

Typically, these users rely on third-party data sources that are highly 
visual, offer built-in insights, and are easily shared via mobile device or 
email. Most of these are disparate data sources that are free, such as 
²ŜŀǘƘŜǊ /ƘŀƴƴŜƭ ƎǊŀǇƘƛŎǎ ŀƴŘ bh!!Ωǎ bŀǘƛƻƴŀƭ IǳǊǊƛŎŀƴŜ /ŜƴǘŜǊΣ ōǳǘ 
some invest in subscriptions, such as StormGeo and Climacell, that have 
meteorologists on staff to advise the managers. Users often monitor AQ 
using AirNow.gov. Weather affects different parts of the country in 
different ways, so the company may rely on thresholds to understand 
when weather conditions may be dangerous. For example, a few inches 
of snow in mountainous, remote areas may not cause disruptions, but 
on the East Coast and for the South, it may spell shutdowns and rushes 
on supplies. 

Do they have experience with EO data? 

The crisis manager relies heavily on gridded and highly visual data and is 
often unable to process or interpret lower-level data. 

End UsersIntermediaries

Crisis Manager in a 
Regional/Global Retail 

Company

User Communities
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ά²ŜŀǘƘŜǊ Řŀǘŀ ƘŜƭǇ ǳǎ 

understand where snow, rain, 

wind, and heat may affect our 

buildings. It provides us the 

visibility to effectively deal with 

severe events before they come 

ŀƴŘ ǎǳǊǇǊƛǎŜ ǳǎΦέ 

τGlobal Crisis Manager,

Major Retail Brand

What do they want or care about? 

Crisis managers strive to find the most accurate forecast that gives them 
the most amount of time to prepare. Users need a better tool to 
understand and prepare for the effects of high winds so they can reduce 
downtime in distribution centers. They also need a more accurate and 
easy-to-use tool to understand which areas may be more prone to 
flooding or are currently inaccessible due to flooding or water on the 
road (which may cause safety issues for ground transportation). Users 
also noted lack of predictability for changes/improvements in AQ; 
adding predictive qualities can help crisis managers understand when 
employees can safely load and unload in distribution centers. 

What are their technical needs?

The users prefer having information 24 to 48 hours before the weather 
event and around 3 to 7 days for large events like hurricanes so that 
they are able to enact proper safety procedures. They need high-
resolution dataτto the city blockτso they can understand the impacts 
of weather on the surrounding facilities and roads. 

What would motivate them to use NASA EO data?

Global data that are gridded and easy to interpret would be beneficial. 
Our interviewees were interested in being part of this conversation to 
understand current capabilities, limitations, and opportunities for use of 
NASA data. 

What are their adoption barriers for using NASA EO data? 

Because of their lack of technical maturity, these users rely on third-
party data sources, often management products that enable them to 
quickly identify risks and disseminate information to their local and 
global partners. They need data that are gridded and easy to interpret. 

What are they afraid of? 

Inaccurate weather predictions can cause companies to lose money 
sending supplies to the wrong store, leading to shortages in other areas 
and, ultimately, decreasing customer trust in product availability. 

What do they NOT care about?

Crisis managers do not really care how their weather service providers 
incorporate data.

What are some key use cases?

ÅAllocating resources to maintain business continuity 

Å Identifying disruptions in supply chain 

Crisis Manager in a 
Regional/Global 
Retail Company

User Communities
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Data analysts in weather service companies 
seek out value-adding data sources to help 
companies anticipate effects of weather on 
supply chain and store operations. 

Data Scientist for 
Weather Insights 

Company 

User Community:

Logistics Arms of Major Retail 
Brands

Who are they?

This user works at a weather insights 
company that supports a number of 
industries, including logistics. These 
analysts often have a geographic 
information system (GIS) or 
meteorological background and 
work to integrate large amounts of 
data into their modules. Some of 
these companies, such as StormGeo, 
serve as large platforms that not 
only deliver weather data to end 
users but also serve as management 
platforms, enabling companies to 
monitor and disseminate 
information across multiple 
locations.

Who do they work for?

These users work in companies 
serving as data integrators or value-
added service providers to 
customers such as retail brands.

What decisions are they making (and how) today? 

These users are collecting a variety of weather data to incorporate into 
their models. These companies create products that are meant to help 
end users across a wide variety of industries make informed decisions, 
especially related to weather extremes that could affect supply chains, 
operations, and safe travel. When considering which types of weather 
data to use, these users consider questions such as these: Which EO 
Řŀǘŀ ŀǊŜ ǊŜƭƛŀōƭŜ ŀƴŘ ŀŎŎǳǊŀǘŜΚ ²ƘŜǊŜ Řƻ L ƎŜǘ ǘƘŜ Ƴƻǎǘ άōŀƴƎ ŦƻǊ Ƴȅ 
ōǳŎƪέ ǿƛǘƘ ǘƘŜ ǎƻǳǊŎŜǎ L ŎƘƻƻǎŜΚ ²Ƙŀǘ ǘȅǇŜǎ ƻŦ Řŀǘŀ ŀǊŜ ǘƘŜ ŜŀǎƛŜǎǘ ǘƻ 
incorporate into my existing models? 

Specifically, these users can create products that help end users within 
retail supply chains make informed decisions about questions such as 
these: Will droughts in a specific tropical area affect the pricing or 
availability of a certain good that I stock in my stores? How might 
²ŜŘƴŜǎŘŀȅΩǎ ǳǇŎƻƳƛƴƎ ƘǳǊǊƛŎŀƴŜ ŀŦŦŜŎǘ ƻǳǊ ǿŜŜƪƭȅ ŦǊǳƛǘ ǎƘƛǇƳŜƴǘǎΚ 
When might we expect effects from a wildfire on the West Coast and 
have to shut down our loading docks because of poor AQ? 

These providers incorporate a large number of weather data sources, 
from ground-based networks to publicly available and privatized 
satellite-based data (although interviewees declined to specify which 
sources).

Do they have experience with EO data? 

Users are sophisticated data users: they are able to incorporate multiple 
types of data sources at different levels into their platforms and models. 

What do they care about? 

Improved observations of precipitation, wind, temperature, and surface-
based PM

2.5
Φ ¢ƘŜȅ ŎŀǊŜ ŀōƻǳǘ άŘƛǎŎƻǾŜǊŀōƛƭƛǘȅέ ƻŦ ŘŀǘŀΥ ǘƘŜǎŜ ǎƻǳǊŎŜǎ 

are often hard to find unless one is looking for them specifically. These 
users need a means to easily find satellite-based weather data and 
understand its value compared with traditional sources. These users 
care about flexibility within their data sources: they would appreciate 
having a mechanism to request data products that focus on specific 
locations and for different timescales (e.g., Northeast U.S. region with 
daily, weekly, and monthly weather data). These value-added service 
ǇǊƻǾƛŘŜǊǎ ƪŜŜǇ ƻƴ ǘƻǇ ƻŦ ŜƴŘ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ǎŜŎǘƻǊǎ ŀƴŘ 
ŀǊŜ ŀ ƎǊŜŀǘ άōŀǊƻƳŜǘŜǊέ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘƻ Ƴŀȅ ōŜ ǘƘŜ άŎƻƳƳǳƴƛǘȅ 
ƻŦ ǇƻǘŜƴǘƛŀƭέ ƛƴ ŀŘŘƛǘƛƻƴŀƭ ǎŜŎǘƻǊǎΦ 

End UsersIntermediaries

Data Scientist for 
Weather Insights 

Company 

User Communities
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άwƛƎƘǘ ƴƻǿΣ ŀŎŎŜǎǎ ǘƻ Řŀǘŀ ŦƻǊ ǳǎ 

ƛǎ ƴƻǘ ŀƴ ƛǎǎǳŜΦ LǘΩǎ Ƙƻǿ ǿŜ Ŏŀƴ 

use and analyze theŘŀǘŀΦέ 

τLead Data Scientist, 

Weather Insights Company

What are their technical needs?

They need less than 1-km resolution, hourly capture. They want 
interoperability between NASA and other data sources, for example, 
having the European Space Agency and NASA create data products in 
similar formats. They need more sources that have global coverage, 
because many areas where logistics firms source goods are in tropical 
areas or more remote areas with limited ground-based data. 

What would motivate them to use NASA EO data?

Data that have global reach and are easy to incorporate into their library 
of aggregated weather data products would motivate their adoption of 
NASA EO data. 

What are their adoption barriers for using NASA EO data? 

Data sources are plenty (and affordable) for many of these companies. 
Finding and sifting through data sources can take a significant amount of 
resources. These companies must consider whether incorporation of 
additional data sets can offer true value compared with their existing 
data library. 

What are they afraid of? 

The weather prediction community is expansive and competitive; 
interviewees were hesitant to identify limitations of their current data 
sources. 

What do they NOT care about?

Private satellite data are getting less expensive to purchase, so larger 
ǇǊƻǾƛŘŜǊǎ Ƴŀȅ ƴƻǘ ǎŜŜ ǘƘŜ ōŜƴŜŦƛǘǎ ƛƴ άŦǊŜŜέ Řŀǘŀ ƻǾŜǊ Řŀǘŀ ǘƘŀǘ ŎƻǳƭŘ 
be tailored to their needs.

What are some key use cases?

ÅAllocating resources to maintain business continuity 

Å Identifying disruptions in supply chains 

Data Scientist for 
Weather Insights 

Company 

User Communities
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ACCP User Community Profiles

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

Data-Driven Agriculture

Food Companies Operating in Tropical Areas

Health and Short-Term Air Quality Monitoring

Solar Energy

User Communities
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Community Overview

The agriculture community has relied on weather since its inception. Agricultural yield is a critical 
performance metric that has significant downstream effects on availability and pricing of food and beverage 
commodities, consumer goods, and more. Agricultural experts point to three factors that drive yield: 
genetics, management practices, and the environment. Stakeholders across the value chain have sought to 
better understand weather effects and help growers make decisions based on observations and forecasts on 
a variety of temporal scalesτfrom daily weather to subseasonal (1 to 2 weeks) to seasonal (3-month) 
outlooks. The breadth of this community can span ingredients manufacturers, food and beverage companies, 
and logistics firms (covered in other sections). Access to accurate, timely weather data is especially 
important when anticipating challenges related to climate change, which affects growing conditions and may 
influence certain crop yields.

Moving Forward for ACCP

The agricultural sector has been a strong adopter of EO data to monitor fields and growing areas. ACCP 
weather data products can offer the agricultural community an improved understanding of the microphysical 
properties of precipitation and clouds, enabling more accurate and comprehensive predictions of seasonal 
weather and climate modeling. 

Agritech is an area rich in development, especially in developing economies. Large agribusiness firms are 
sponsoring hackathons and other opportunities where students, innovators, and entrepreneurs leverage EO 
data to develop digital and mobile products that create agricultural insights. Focus group attendees noted a 
lack of awareness of NASA data products that have direct ties to agriculture and the value they can bring to 
the already crowded world of weather data products. Attendees emphasized needs for data observations 
across instruments for certain geographic locations over periods of time, flexibility to pull the data they need 
(leaving unnecessary data behind), and the ability to quickly extract and visualize information. NASA should 
engage not only the large agribusiness firms with in-house platform development capabilities, but also the 
entrepreneurial community this industry relies on. Focus group participants would like to collaborate with 
NASA through evaluating the value of ACCP data sets, making data delivery more accessible through the 
cloud and other dissemination avenues, and engaging with the greater agritech community of practice. 

Selected User Profiles for ACCP

Data Scientist in 
Companies 
Developing 
Agricultural 

Decision-Making 
Platforms

Data Scientist in 
Smallholder 

Advisory Services

Growers with 
Small to Medium 

Farms

Potential Use Cases for ACCP Data Products

Effective application of farm inputs 

Mitigation of plant pests and disease

Site similarity analysis for crops

Crop and AQ monitoring

End UsersIntermediaries

Data-Driven Agriculture 

User Communities
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Organizational Assessment

The agriculture community has been consistently incorporating new technologies into its day-to-day 
practices, shifting the practice from an art to a science. Weather knowledge positively affects stakeholders 
across the value chain, from the farmers growing crops to the input companies developing seeds, fertilizers, 
pesticides, and herbicides to the food and beverage companies that source ingredients. The agricultural 
community makes decisions using daily weather data, and it needs accurate forecasts across three types of 
timescales. 

Short term (1 to 2 days)τNext-day information can help the agriculture community understand whether it 
may be prudent to apply input such as fertilizer or herbicides. Precipitation can wash away the inputs, or high 
pressure or windy systems may lead to temperature inversions, where sprayed chemicals can drift to 
different locations. A 2-day outlook can also help decision-makers seek labor on good-weather days. 

Medium term (7 to 14 days)τA slightly longer time window can help the agricultural community understand 
when moisture conditions may be the best within a certain planting window and when is the right time to 
harvest. For example, knowledge of likely hailstorms during the harvesting window may prompt growers to 
harvest early, balancing potential damages over lower yields or shorter drying times. Strategically timed 
harvest periods can also enable farmers to pull up the crop without significant physical labor or tools, 
maintaining the quality of the crop. 

Long term (seasonal outlook, 3 months)τUnderstanding the likelihood of potential rainy periods, freezes, 
droughts, or natural disasters can help agricultural decision-makers understand what types or varieties of 
crops to plant. For example, growers may consider choosing a rice variety that can survive in flood 
conditions, or they may consider planting more acres of corn to offset lower yields due to weather. In areas 
where freezing may occur near harvest time, a grower may invest in a seed that matures 10 days longer than 
normal to avoid potential damage. These seasonal conditions may play into commodities pricing and help 
growers understand what kind of crop to invest in and when to sell. 

The agriculture sector spans a number of stakeholders across the value chain, and the industry regularly 
incorporates a variety of satellite- and ground-based data products that can help gather insights about field 
and crop conditions. Although precipitation is a key data point, users are also concerned with soil moisture; 
normalized difference vegetation index (NDVI); and weather conditions such as wind, temperature, and 
humidity.

Within the value chain, mature data users may incorporate low-level satellite data into data products that 
help reveal trends and insights. These may be developers of agricultural platforms or input companies 
helping growers make decisions on agricultural practices, sourcing, and purchasing. Users also include data 
scientists in smallholder advisory services, who leverage these data to help smallholder growers in 
developing economies make informed decisions (through financial products and short messaging service 
[SMS]-based data delivery). Some data aggregators may create data products that could be incorporated into 
other platforms. Users of these data include growers but may also include ingredients manufacturers, 
ŎƻƳƳƻŘƛǘȅ ǘǊŀŘŜǊǎΣ ŀƴŘ ǘƘƻǎŜ ǳǇ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ όƳŀƴȅ ƻŦ ǘƘŜǎŜ ŀǊŜ ŎƻǾŜǊŜŘ ƛƴ ǘƘŜ άCƻƻŘ /ƻƳǇŀƴƛŜǎ 
hǇŜǊŀǘƛƴƎ ƛƴ ¢ǊƻǇƛŎŀƭ !ǊŜŀǎέ ǎŜŎǘƛƻƴύΦ 
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Organizational Assessment (continued)
Typically, users developing farm management tools, decision tools, and advisory services incorporate a 
variety of EO data products into their platforms, including data from the Tropical Rainfall Measuring Mission 
(TRMM), Integrated Multi-satellite Retrievals for GPM (IMERG) products, and Metop data products. They may 
also use other EO products, such as satellite imagery from Sentinel, Landsat, and MODIS. In addition, on-
ground sensors and weather stations offer important insights on a field. Although large agricultural input 
companies have the resources to purchase or process many data products, organizations serving developing 
economies focus primarily on publicly available data sets, which offer free global coverage that many private 
data sources lack. These users can integrate data at different levels, depending on the use case: advisory 
services communicating insights to growers via SMS may want some level of preprocessing or gridded data 
to easily interpret, while developers of management platforms and insurance products may want low-level 
data to incorporate into their models. Growers monitor weather stations, their on-ground sensors, and third-
party apps such as farm management tools and AccuWeather. 

Data-Driven Agriculture 

Data Intermediaries End Users

Data are collected from ground-based 
radar sources, in-field sensors, weather 
stations, rain gauges, and satellite data 
products such as TRMM, GPM/IMERG, 
and Metop data products. They may 
also use other EO products, such as 
satellite imagery from Sentinel, 
Landsat, and MODIS.

Value-added service providers, such as 
farm management or agricultural input 
platform companies, incorporate 
multiple satellite- and ground-based 
data sources to develop actionable 
insights for growers. Smallholder 
advisory services may incorporate 
satellite data products into financial 
products such as insurance platforms 
and farm management insights 
delivered via SMS. 

Growers, whether managing small to 
medium farms or small areas of land as 
smallholders, leverage these 
aggregated and processed data 
sources to inform their seed selection, 
planting, harvesting, and spraying 
decisions. 
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Technical Assessment

The data-driven agriculture community emphasized needs for both observation of weather phenomena and 
weather forecasting. 

Improved spatial resolution enables users to break down needs across the field; 1-km resolution would be 
ideal. Value-adding data products cover as much geographic area as possible, especially in tropical regions in 
developing economies where few on-ground data inputs exist. In addition to precipitation, the agriculture 
community is interested in wind, temperature, humidity, NDVI, and soil moisture to better understand crop 
health. 

The data-driven agriculture community incorporates a large amount of on-ground and satellite-based data 
sources, which can be quite resource intensive. Some major input companies dedicate resources solely to 
identifying and cleaning data sources into a usable format. Users expressed preferences for current data 
ŦƻǊƳŀǘǎΣ ǎǳŎƘ ŀǎ ½ŀǊǊΣ ǘƘŀǘ ŀǊŜ άǊŜŀŘȅ ŦƻǊ ŀƴŀƭȅǎƛǎέ ŀƴŘ Řŀǘŀ ǎǘǊǳŎǘǳǊŜǎ ƻƴ ŎƭƻǳŘ-based infrastructure. Many 
NASA data products (beyond precipitation) regularly provide value to the community. Data scientists would 
like to see EO data sets with multiple variables (e.g., temperature, humidity, precipitation, wind, and AQ) that 
are aligned temporally and spatially. For example, users would like to be able to choose a data set over a 
certain time and geographic area that contains IMERG and MODIS data products. The fusion of these data 
products may also make cross-sensor calibration and atmospheric correction easier. 

Many interviewees indicated a desire for improved soil moisture data setsτpreferably at different depths 
than 5 cmτand improved methods of understanding biomass and evapotranspiration. Although ACCP data 
ǇǊƻŘǳŎǘǎ ŀǊŜ ƴƻǘ ƎŜŀǊŜŘ ǘƻǿŀǊŘ ǘƘŜǎŜ ŀǇǇƭƛŎŀǘƛƻƴǎΣ b!{!Ωǎ {ǳǊŦŀŎŜ 5ŜŦƻǊƳŀǘƛƻƴ ŀƴŘ /ƘŀƴƎŜ ŀƴŘ {ǳǊŦŀŎŜ 
Biology and Geology DO teams are looking into these use cases. However, for weather applications, most 
users were willing to work with NASA to identify these gaps. 

Weather observation needs: 
Users need accurate observations of total precipitation: what type 
has fallen, how much has fallen, and at what intensity. Intensity of 
precipitation can help users understand immediate irrigation needs 
and where crops might be damaged because of hail. Accurate real-
time weather observations can help understand the risk of 
temperature inversion, which ultimately leads to drift of products 
applied to a field. For a 24-hour set of weather data, subhourly 
temporal resolution would be ideal (or less than a half hour, 
because storms can pass quickly through fields). Data latency after 
this 24-hour set should be available at least 2 to 3 hours after 
capture, although less than a half hour is ideal.

Weather forecasting needs: 
Users need to know whether in the next 7 to 14 days they will 
encounter potential disease conditions; therefore, data on 
humidity, temperature, and leaf wetness are important in a mid-
term forecast. 

For a seasonal forecast, users need a more accurate outlook of 
the next 3 months with more information, for example, 
approximations of the first frost and distribution of rainfall 
across the season. 

Data-Driven Agriculture 
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Technical Assessment (continued)
Incorporating data from multiple sources can be time consuming. Users mentioned a need for improved 
consistency and communication of data format. Interviewees indicated that companies must dedicate 
substantial resources to collecting and cleaning the data for their needs. Data scientists have indicated 
circumstances where databases have changed format and end users were not informed. This type of change 
can lead to inaccurate data labels. 

5ŀǘŀ ǳǎŜǊǎ ŀƭǎƻ ŜƳǇƘŀǎƛȊŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ άŦƭŜȄƛōƭŜέ Řŀǘŀ ǎŜǘǎ ǘƘŀǘ ŎƻƴǎƛŘŜǊ ŜƴŘ ǳǎŜǊǎΩ ƴŜŜŘǎΦ CƻǊ 
example, enabling the user to pull a time series of data over a certain period (e.g., 60 days) without requiring 
ǘƘŜƳ ǘƻ Ƴŀƴǳŀƭƭȅ Ǉǳƭƭ сл ŘŀȅǎΩ ǿƻǊǘƘ ƻŦ Řŀǘŀ ƛƴǘƻ ǘƘŜƛǊ ǎȅǎǘŜƳǎΦ 

Specific technical needs for satellite-based weather data were discussed over four use cases, summarized 
here and expanded on later: 

Effective application of crop inputs:Growers, who often operate on slim margins, must optimize their use of 
fertilizer, pesticides and herbicides, equipment, and seed varieties. Accurate knowledge of weather 
conditions over a variety of time frames (from the next day to a seasonal outlook) can help growers make 
effective use of these limited inputs and ultimately save money. 

Mitigation of plant pests and disease: Pests and diseases are significant risks that have an effect on the 
ƎǊƻǿŜǊΩǎ ȅƛŜƭŘǎΣ ŎǊƻǇ ǉǳŀƭƛǘȅΣ ŀƴŘ ōƻǘǘƻƳ ƭƛƴŜΦ /ƻƳǇǊŜƘŜƴǎƛǾŜ Řŀǘŀ ƻƴ ƻōǎŜǊǾŜŘ ŀƴŘ ŦƻǊŜŎŀǎǘŜŘ ǿŜŀǘƘŜǊ Ŏŀƴ 
help identify patterns when crops may be at risk for pests or disease, enabling the grower to proactively 
spray and limit crop damage. 

Site similarity analysis for crops:Changing temperatures and weather patterns are modifying the most 
appropriate growing locations for crops. Access to accurate global observed weather data such as 
precipitation, temperature, and humidity can help growers understand the highest quality/yield crops for 
their specific area over time or help ingredient suppliers and large agricultural firms identify where they may 
be able to grow or source the highest quality or yield variety of a certain crop. 

Crop and AQ monitoring: As the research community better understands the correlation between AQ and 
crop health, data scientists are looking to incorporate global measurement of aerosols, greenhouse gases, 
and other AQ indicators in their platforms. 

Data-Driven Agriculture 
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1. Velásquez, A. C.,Castroverde, C. D. M.,& He, S. Y. (2018). Plant and pathogen warfare under changing climate conditions. Current Biology, 28(10), R619ςR634.
doi:10.1016/j.cub.2018.03.054.

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future 

decision-making capabilities. Four examples of use cases within this community are as follows:

ÅEffective application of farm inputs

ÅMitigation of plant pests and disease 

ÅSite similarity analysis of crops

ÅCrop and AQ monitoring 

CCP data can inform growers of the right conditions for effective fertilizer, pesticide, and 
herbicide application. 

Managing a farm includes effectively making use of the limited resources growers have; inputs such as fertilizer, pesticides,and herbicides are 
expensive, and growers may have limited sprayers across miles of fields. Growers must limit overspraying because it wastes moneyand can be 
harmful to the environment, and weather conditions such as precipitation and temperature inversions can dilute and disperse the inputs 
across the field. Improved understanding of current and future weather conditions, including the conditions that cause temperature inversions, 
can help growers identify when to apply inputs in the most effective way. This use case requires high spatial resolution (less than 1 km) and 
subhourly temporal resolution. 

Spatially resolved observed and forecasted precipitation data patterns can help identify 
conditions that may lead to crop damage from plant diseases and pests.

Leaf wetness, which may be influenced by weather conditions such as extended precipitation, temperature, fog, and humidity, is arisk factor 
for foliage fungi and other plant diseases.1 Extendedprecipitation could create conditions that put crops at risk for significant damage. 
Agricultural platform developers can integrate satellite weather data in models that can help identify when crops may be liable to diseases and 
pests, enabling growers to spray prophylactically and maintain crop yield and quality. Accurate records of observed precipitation, enhanced 
forecasting models, and improved resolution (less than 1 km) could help create more specific data products that can detect patterns of 
weather activity that may lead to disease and pest risk. Beyond precipitation, developers creating these data products need weather data such 
as temperature, wind speed, and humidity. 
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Use Cases (continued)

Extensive multiyear weather data records can help identify ideal crop growing conditions and 
ƭƻŎŀǘƛƻƴǎ ŀǎ ǘƘŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜǎΦ 

Climate change has altered the growing seasons for many locations. As a result, growers may have lower yields for crops that hadbeen grown 
successfully in years past. Changes in average precipitation, maximum and minimum temperature, and other growing factors can affect 
ƎǊƻǿŜǊǎΩ ƭƛǾŜƭƛƘƻƻŘǎΣ ŀƴŘ Ƴŀȅ ŀŦŦŜŎǘ ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴ ƻŦ ƭŀǊƎŜ ŦƻƻŘ ŀƴŘ ōŜǾŜǊŀƎŜ ŎƻƳǇŀƴƛŜǎΦ {ƛǘŜ ǎƛƳƛƭŀǊƛǘȅ ŀƴŀƭȅǎƛǎ Ŏŀƴ ƘŜƭǇgrowers and large 
agriculture companies understand (1) what crops may be successful in certain regions based on the upcoming season and (2) where the best 
place is to grow an important crop variety, such as a certain rice or potato product. Companies have developed data products leveraging 
satellite data that can look for ideal locations or ideal crops for a location within a specific growing time. Although spatiotemporal resolution 
requirements are lower for this use case than other use cases, this case requires global coverage and long precipitation and temperature 
records for these areas. Developers of these products value accurate observations of precipitation, maximum and minimum temperature, 
freeze possibility, and other factors.

Colocated aerosol, convection, and precipitation data may help growers anticipate and react to 
AQ threats.

Although AQ information is not currently used in decision-making platforms, scientists developing agricultural platforms indicated that AQ 
information will be considered in the future for quality monitoring purposes. In some developing economies, farms near factoriesthat produce 
smoke and nitrates may be subject to damaging acid rain, and weather such as convective activity and precipitation may disperse or deposit 
aerosols on fields. Wet and dry deposition to plants, as well as damage by ozone and other gas pollutants, may affect the growth of the plant. 
Poor AQ or consistent cloud cover in certain areas may also limit photosynthetic activity. 

Although growers may look to AQ data as another means to optimize farm management practices (e.g., closing greenhouses or covering plants 
to avoid deposition), large food companies or cooperatives could rely on these data in the future to understand when to anticipate and react to 
effects from wildfire smoke moving across the country. Urban planners may leverage these data to understand the right types of vegetation to 
plant in cities, where the plants are often in direct contact with pollution. 

Similar to precipitation data, high spatiotemporal resolution would be useful for monitoring crop quality. Coverage for ground-based and 
satellite AQ data is quite low in regions that are growing many key commodities, such as tropical zones in Africa and Latin America. Surface-
based measurements would be most helpful for understanding direct pollution effects at ground level, while the aerosol columncould help 
understand the impacts of air pollution on photosynthetic activity. Colocated data can help the community understand the relationship 
between precipitation, convective activity, and aerosol distribution. 
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Growers need accurate high-resolution data 
to effectively manage their crops. 

Growers with 
Small to Medium Farms

User Community:

Data-Driven Agriculture 

Who are they?

These individuals grow crops that 
may be used for food, beverages, or 
other consumer products. In the 
United States, small family farms 
make up about 88% of the farmland 
and typically span approximately 
320 acres; medium to large farm 
acreage spans an average of 1,420 
acres.1

Who do they work for?

Growers produce food in partnership 
with larger conglomerates (as a 
collective or in contract with a food 
or beverage company) to sell within 
their community or to subsist on 
themselves. 

1. U.S. Department of Agriculture. (2015, March). 2012 Census of Agriculture: Highlights. Family farms. 
https://www.nass.usda.gov/Publications/Highlights/2015/Family_Farms_Highlights.pdf

What decisions are they making (and how) today? 

Farmers with small to mid-size farms oversee a large amount of land, 
with weather conditions and microclimates that may differ widely 
across their acreage. Weather plays a key role in how farmers decide to 
use their limited inputs, labor, and equipment. Weather station data can 
provide some of the most comprehensive information to farmers, 
including temperature, humidity, wind speed, visibility, and current 
weather conditions, at subhourly timescales. Although the data are 
quite valuable, data points from a few weather stations do not 
represent accurate and precise coverage of the entire field. Weather 
stations are extremely expensive to install and maintain (at least 
$30,000), and microclimates can vary even across one field. Many 
publicly available weather stations are placed at medium or high 
elevations, while farms tend to experience different conditions in 
lowlands. Farmers may also use their own rain gauges, but across 
farmland there can be a large range of precipitation intensity, even 
across a large field. 

Do they have experience with EO data? 

Users typically employ gridded, highly processed data, although some 
may have a more technical agronomy background with the ability to 
interpret weather station data inputs. In developed economies, growers 
rely on third-party applications, such as AccuWeather, for short-term 
weather forecasts and farm management tools and decision platforms 
to understand longer weather outlooks, which may rely on satellite- and 
sensor-based data. Smallholder farmers, who oversee a much smaller 
amount of land in developing economies, typically rely on SMS-based 
weather sources to make these decisions. More about their experience 
Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ά5ŀǘŀ {ŎƛŜƴǘƛǎǘ ŦƻǊ {ƳŀƭƭƘƻƭŘŜǊ CŀǊƳŜǊ !ŘǾƛǎƻǊȅ 
{ŜǊǾƛŎŜǎέ ǎŜŎǘƛƻƴΦ

What do they care about? 

The land that these growers oversee can be vastτeven on a small 
farmτand they cannot directly monitor each acre of a field. To 
understand field conditions, these users need accurate, high-resolution 
observations of weather that has occurred and high-quality mid-term (7 
to 14 days) and seasonal forecasts. These users demand more concrete 
ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǎŜŀǎƻƴŀƭ ŦƻǊŜŎŀǎǘǎ ōŜȅƻƴŘ άǘƘƛǎ ǎŜŀǎƻƴ ǿƛƭƭ ōŜ ǿŜǘǘŜǊ 
ǘƘŀƴ ƭŀǎǘ ȅŜŀǊΩǎΦέ LƴŦƻǊƳŀǘƛƻƴ ƻƴ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ Ǌŀƛƴǎ ŀŎǊƻǎǎ ǘƘŜ ƴŜȄǘ о 
ƳƻƴǘƘǎ ŀƴŘ ŜǎǘƛƳŀǘŜǎ ƻƴ ǘƘŜ ǎŜŀǎƻƴΩǎ ŦƛǊǎǘ ŦǊƻǎǘ ǿƻǳƭŘ ōŜ ǉǳƛǘŜ ǳǎŜŦǳƭΦ 

άFarmers often only see 45 

paychecks in their lifetime. They 

take weather data seriously and 

use every tool they can to 

ensure they are making the 

ǊƛƎƘǘ ŘŜŎƛǎƛƻƴǎΦέ

τGeospatial Lead, 

Agricultural Input Company 

End UsersIntermediaries

Growers with Small to 
Medium Farms
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What are their technical needs?

To get an in-depth look of conditions across a field, users would require 
resolution under 10 km, ideally down to 1 x 1 km squares. Users need 
temporal resolution on a subhourly rate, which can help them track 
weather systems across fields. They also need to have information on a 
24-hour data set in a few hours, so this observed data can be used to 
make decisions on farm management for the next day. Users need to 
know how much precipitation has fallen, what type, and at what 
intensity across the field. Incorporating data such as temperature, wind, 
and humidity can help inform agronomic practices. An improved 
understanding of convective motion in clouds can help growers 
understand the conditions that lead to temperature inversions. 

What would motivate them to use NASA EO data?

Tools that can help them save money on inputs (e.g., those that help 
strategic application of fertilizer) or those that help provide a seasonal 
forecast would be beneficial. Although growers themselves are not the 
ones directly working with satellite-based weather data, their needs are 
addressed by organizations creating and selling data products to fit their 
needs. 

What are their adoption barriers for using NASA EO data? 

Because they are not the direct end users of these data, their adoption 
of NASA EO data depends on the weather sources and management 
platforms they use. 

What are they afraid of? 

Agriculture margins for growers are extremely low, even in developed 
economies. These users need demonstrated accuracy so that they can 
best use their limited resources. One incorrect weather prediction could 
significantly affect their yields and may even drive the grower into 
poverty. Although some growers keep on top of the newest agricultural 
innovations, many are conservative about technology adoption for this 
very reason. 

What do they NOT care about?

Currently, growers do not consider aerosol characteristics and exposure 
in their day-to-day agricultural practices.  

What are some key use cases?

ÅEffective application of farm inputs 

ÅMitigation of plant pests and disease

ÅSite similarity analysis

Growers with 
Small to Medium Farms

ά²ŜŀǘƘŜǊ ŘǊƛǾŜǎ ǳǇǿŀǊŘ ƻŦ пл҈ 

of crop behavior, yet it is 

ǎƻƳŜǘƘƛƴƎ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ƳǳŎƘ 

ŎƻƴǘǊƻƭ ƻǾŜǊΦέ

τGeospatial Lead, Agricultural 

Input Company 

ά!ŎŎǳǊŀǘŜ Řŀǘŀ ƻǇǘƛƳƛȊŜ ǘƘŜ 

ŜƴǘƛǊŜ ǾŀƭǳŜ ŎƘŀƛƴΦέ

τData Scientist, Agricultural 

Decision-Making Platform Company 
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Data scientists in agricultural platform 
companies incorporate a variety of satellite 
data products to help growers make 
decisions. 

Data Scientists in 
Companies Developing 
Agricultural Decision-

Making Platforms

User Community:

Data-Driven Agriculture 

Who are they?

Data scientists developing 
agriculture decision-making 
products incorporate weather and 
other data products to help different 
agricultural stakeholders, such as 
growers, make decisions. Users may 
also be part of value-added service 
providers that create maps or other 
data products that can be integrated 
into platforms.

Who do they work for?

These developers may be 
independent software providers or 
subsidiaries of larger agriculture 
input companies that create digital 
farming tools geared toward 
effective use of their products. 
These products are ultimately 
geared to helping users across the 
value chain.

What decisions are they making (and how) today? 

These users aggregate various data sources in platforms that create 
insights for a variety of end users. Growers are frequent users of farm 
and input management products: these tools help growers make 
decisions on planting and harvest time, pest and disease mitigation, 
types of seeds to plant, and inputs (fertilizer, pesticides) to apply. 
However, data scientists may develop platforms that might help 
ingredient-sourcing leads and commodities traders anticipate supply 
chain disruptions and pricing changes across days or in an upcoming 
season. Weather conditions can help these end users understand where 
to invest their money, crop-wise and geographically, for the highest 
return. 

These data aggregators are actively using satellite-based weather data 
and a combination of publicly available data products (including 
GPM/IMERG data and Metop satellite products), long-range forecasting 
models, commercial weather products, and potentially on-ground 
inputs from weather stations and on-farm sensors. Beyond weather 
products, these firms also may use satellite imagery from Sentinel, 
Landsat, and MODIS. 

Do they have experience with EO data? 

These users are mature and can incorporate low-level data products, 
which are easier to incorporate into their own gridded products or heat 
maps. Some larger input companies may have departments dedicated to 
incorporating and cleaning new EO data sources for use in their 
platforms. 

What do they care about? 

These users are seeking and incorporating a variety of EO data tools into 
their platforms. When they are creating models, they need to consider 
data redundancyτensuring that they can deliver reliable and timely 
data to their customers even when some data systems fail (e.g., in 
response to government shutdowns). 

Like their grower customers, these users care about accurate, high-
resolution precipitation observations and data that can be used for mid 
to seasonal forecasts. Although most farming platform products have 
incorporated weather data to make deterministic forecasts, some are 
considering moving toward a model that outlines risk potential and 
helps end users understand the breadth of potential outcomes. 

End UsersIntermediaries

Data Scientists in 
Companies Developing 
Agricultural Decision-

Making Platforms

User Communities
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άhŦǘŜƴǘƛƳŜǎ ǿƛǘƘ Řŀǘŀ 

products, we see 80% of the 

time used to standardize and 

clean up the data, and only 20% 

for modeling the data. We 

would like to move that to fifty-

ŦƛŦǘȅΦέ

τData Scientist, Digital 

Agriculture Team for Agricultural 

Input Company

What are their technical needs?

Like the growers, down to 1-km x 1-km resolution, subhourly temporal 
resolution, and latency of 30 minutes to 3 hours after a 24-hour data set 
are needed. 

Users requested appropriate channels to easily merge bulk data into the 
ŜƴŘ ǳǎŜǊǎΩ ǎȅǎǘŜƳǎΣ ǎǳŎƘ ŀǎ ŀǇǇƭƛŎŀǘƛƻƴ ǇǊƻƎǊŀƳ ƛƴǘŜǊŦŀŎŜ ό!tLύ ƻǊ ŦƛƭŜ 
transfer protocol (FTP) sites. EO data sets that are aligned temporally 
and spatially, such as IMERG and MODIS data products, would make 
cross-sensor calibration and atmospheric correction simpler and 
facilitate introduction of new EO data. Users would like clearly labeled 
data values and accuracy checks or clearly defined error rates, so they 
do not need to source this information from relevant papers. 

Users prefer flexibility in data delivery. For example, they would rather 
pull selected data elements across a 2-month time period rather than 
pull daily records over 2 months. They often look for data that build on 
long programs, which ultimately improve their models. 

What would motivate them to use NASA EO data?

Data scientists would be motivated to use data that are easily imported 
into their systems and do not require the user to import a large amount 
of extraneous data that must be cleaned. Although weather station or 
farm sensor-based data can help build a hyper-localized picture of 
weather conditions, satellite-based data are needed to validate against 
the ground-truth and improve on weather models, which can help 
improve models that work around the world. 

What are their adoption barriers for using NASA EO data? 

Lack of awareness of NASA weather data is an adoption barrier. 

What are they afraid of? 

Although many companies can afford multiple sources of data, 
maintaining a consistent and reliable cube of data is time-consuming. 

What do they NOT care about?

The cost of data sets is not extremely important to them, if using the 
data sets saves time.

What are some key use cases?

ÅSite similarity analysis

ÅCrop and AQ monitoring

ÅMitigation of plant pests and disease 

ÅEffective applications of inputs

Data Scientists in 
Companies Developing 
Agricultural Decision-

Making Platforms

"Our goal is to make the value 

ŎƘŀƛƴ ƳƻǊŜ Řŀǘŀ ŘǊƛǾŜƴΦ ²ŜΩǊŜ 

a decision-making tool that 

ƛƴŎƻǊǇƻǊŀǘŜǎ ǿŜŀǘƘŜǊ ŘŀǘŀΦέ

τCEO, Agricultural Insights 

Platform Company

User Communities
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Smallholder advisory services leverage low-
cost or free data sources to help growers in 
developing economies. 

Data Scientists in 
Smallholder Farmer 
Advisory Services

User Community:

Data-Driven Agriculture 

Who are they?

These users develop and deliver data 
products meant to help smallholder 
farmers, mostly those in developing 
economies. Smallholders manage a 
small amount of land, usually up to 
2.5 hectares (roughly 6 acres). These 
agencies may deliver agricultural 
management guidance or financial 
insurance products to help protect 
smallholders against drought and 
storm damage. Many of their 
customers do not have access to 
smartphones or other digital 
technologies, so these organizations 
often deliver insights in the form of 
SMS text messages or via direct 
interaction with their customers. 

Who do they work for?

These users work in organizations 
that create tools that can help 
farmers in developing economies 
use their assets effectively and 
protect their crops. These 
organizations may contract with 
country governments to provide 
advisory services to smallholders, or 
they might be funded by corporate 
or private foundations. 

What decisions are they making (and how) today? 

Like the growers on small to medium farms, smallholders use these 
products to make decisions on types of seeds to use, when to plant and 
harvest, which crops to plant, and whether conditions are right for day 
laborers to work in the fields. Precipitation data are incorporated into 
Ǌƛǎƪ άŎŀƭŎǳƭŀǘƻǊǎέ ǘƘŀǘ ǳƭǘƛƳŀǘŜƭȅ ƛƴŦƻǊƳ ǘƘŜ ǇǊƛŎƛƴƎ ƻŦ ǇǊŜƳƛǳƳǎ ŀƴŘ 
claims. These data can be used to help data scientists understand the 
return on investment for their financial products and whether they are 
properly covering their constituents in certain geographical areas. These 
users leverage databases that are low cost and include publicly available 
data, such as GPM/TRMM data and Climate Hazards Group InfraRed 
Precipitation with Station data. Coverage for ground-based radar 
systems and weather station data may be quite sparse. These 
organizations seek out other sources of weather data, relying on 
operational forecasts, such as the European Centre for Medium-Range 
Weather Forecasts models. Data scientists in the organization interpret 
these data, which often takes some preprocessing, and communicate it 
to their stakeholders. For agricultural products related to risk insurance, 
data scientists rely on data that have a historical database of at least 20 
years: GPM/TRMM data, for example, has helped some organizations 
develop premium pricing mechanisms. 

Do they have experience with EO data? 

Users developing smallholder data products are not creating models but 
are integrating data from multiple satellite sources that have some 
preprocessing. Users incorporating satellite data into financial systems 
are sophisticated users and prefer low-level data products. 

What do they care about? 

Precipitation (namely rainfall) is most important to their end users. 
These developers are looking for publicly available, reliable data 
sources: coverage of weather data across the globe is important, 
especially in tropical areas, because current weather models have been 
developed for and are more accurate in temperate regions. Many 
smallholders that play a key role in worldwide commodity trading are 
located in tropical regions, such as western Africa. Accurate, highly 
spatially resolved data are important: many smallholders operate in 
areas that are very small. In addition to precipitation observations, data 
scientists bringing insights to 7 to 14 days out and seasonal outlooks 
would be helpful. Users developing financial products are also 
interested in evapotranspiration and soil moisture for their insurance 
pricing models.

End UsersIntermediaries

Data Scientists in Smallholder 
Farmer Advisory Services

User Communities
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άhƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŘŜƳŀƴŘŜŘ 

services by smallholders is 

ǿŜŀǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴΦέ 

τProgram Manager, Smallholder 

Advisory Service 

What are their technical needs?

Data scientists would like accurate observations of precipitation; 
understanding the relationship between clouds and precipitation can 
help lead to the development of models with a probabilistic , rather 
than a deterministic, weather recommendation. Spatial resolution 
needs are 1 km x 1 km or less. Because users incorporating data into 
agricultural advising provide guidance daily, or every few days, daily 
temporal resolution can work well, if the latency is short (30 minutes to 
3 hours). For financial products, ideal temporal resolution is daily, but 
weekly could also work. 

What would motivate them to use NASA EO data?

Free tools that require little post-processing, backed by a long 
precipitation record and demonstrated accuracy, would be helpful. In 
the agricultural world, some stakeholders are aggregating publicly 
available data products to improve data exchange and use for 
ǎƳŀƭƭƘƻƭŘŜǊǎΩ ōŜƴŜŦƛǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ŎŜƴǘŜǊ ŦƻǊ Dƭƻōŀƭ hǇŜƴ 5ŀǘŀ ŀƴŘ 
bǳǘǊƛǘƛƻƴ ƛǎ ŀƴ ƛƴƛǘƛŀǘƛǾŜ ǘƘŀǘ ŀŘǾƻŎŀǘŜǎ ŀƎŀƛƴǎǘ άŘƛƎƛǘŀƭ ŦŜǳŘŀƭƛǎƳΦέ ¢ƘŜǎŜ 
stakeholders could be promising channels for disseminating data 
products and acquiring a better understanding of how to create data 
products that many user community members can easily employ. 

What are their adoption barriers for using NASA EO data? 

Lack of geographical coverage in relevant tropical areas and developing 
economies and lack of awareness can be barriers to using NASA EO 
data.

What are they afraid of? 

Data scientists in these services help smallholders make decisions that 
have direct effects on their margins. Accuracy of these data is 
important, and many countrywide meteorological systems are 
unreliable. Some smallholder farmers may lose trust in advisory services 
that provide inaccurate data.

What do they NOT care about?

These users do not care about AQ data at the moment. 

What are some key use cases?

ÅEffective application of farm inputs 

ÅMitigation of plant pests and disease

Data Scientists in 
Smallholder Farmer 
Advisory Services

ά±ƻƭŀǘƛƭƛǘȅ Ŏŀƴ ƭŜŀŘ ǘƻ ƛƴŎǊŜŀǎŜŘ 

profit variability. The 

information is extremely helpful 

ǿƘŜƴ ƛǘΩǎ ƎƻƻŘΣ ōǳǘ ŎŀǘŀǎǘǊƻǇƘƛŎ 

when it is inaccurate, and can 

push smallholders back into 

ǇƻǾŜǊǘȅΦέ 

τProgram Manager, Smallholder 

Advisory Service 

User Communities
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ACCP User Community Profiles

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

Data-Driven Agriculture

Food Companies Operating in Tropical Areas

Health and Short-Term Air Quality Monitoring

Solar Energy

User Communities
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Community Overview

CƻƻŘ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ŀ ōƛƎ ōǳǎƛƴŜǎǎΦ ²ƛǘƘ ƴŜŀǊƭȅ у ōƛƭƭƛƻƴ ǇŜƻǇƭŜ ǿƻǊƭŘǿƛŘŜΣ ǘƘŜǊŜΩǎ ŀ 
constant growing demand for food.1 Several major food ingredients are grown in tropical regions, where 
conditions are ideal for growing and harvesting specific crops. In this community overview, we focus on three 
such ingredients: cocoa, coffee, and almonds. Each of these represents multibillion-dollar enterprises, and 
the success of each largely depends on understanding weather conditions in tropical environments. Cocoa 
beans are converted to chocolate powders and liquors used in a variety of food and beverage products, 
representing a $140 billion business annually.3{ŜǾŜƴǘȅ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŎƻŎƻŀ ƛǎ ƎǊƻǿƴ ƛƴ ²Ŝǎǘ !ŦǊƛŎŀΦ 
Coffee sales worldwide exceed $400 billion per year, and nearly two-thirds of coffee beans are grown in 
Columbia, Brazil, and Vietnam.2 Almonds require specific environmental conditions found in Northern 
/ŀƭƛŦƻǊƴƛŀΣ ǿƘŜǊŜ ул҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǎǳǇǇƭȅ ƛǎ ƎǊƻǿƴΦ hǘƘŜǊ ƪŜȅ ƎǊƻǿƛƴƎ ǊŜƎƛƻƴǎ ŀǊŜ {Ǉŀƛƴ ŀƴŘ LǘŀƭȅΦ CƻǊ 
companies involved in tropical ingredients like these, understanding current and future weather conditions is 
critical to their success. 

Moving Forward for ACCP

Users in this community actively monitor weather conditions around the world throughout the year, as 
growing and harvesting seasons occur at key times during the year and vary across the globe. Adverse 
weather conditions in these regions disrupt crops, leading to major supply issues and price escalation. This 
community has a simultaneous need for better data, models, forecasts, and predictions on both a hyper-local 
and a near-global scale. Having greater clarity on weather and AQ conditions around the world, and with 
improved latency and spatial resolution, would be highly valued by this community. These needs are 
elaborated on in two use cases: monitoring global weather trends and monitoring micro weather conditions. 

These use cases speak to current needs to monitor and predict crop yields in proven growing regions. Beyond 
these needs, users also expressed the need to predict detrimental affects of climate change on growing 
regions and anticipate new regions that might become suitable for growing certain types of crops. Several 
companies and research organizations are tackling these questions and desire any type of data that can help 
improve prediction models. The effects on food quality, food security, and the economic benefits of farming 
worldwide could be significant. 

1. Population estimate from U.S. Census Bureau. (2020, July 11). Stats for stories: world population day: July 11, 2020.
https://www.census.gov/newsroom/stories/world-population-day.html

2. Revenue estimate from Statista. (n.d.). Coffee. https://www.statista.com/outlook/cmo/hot-drinks/coffee/worldwide. Top countries from RTI interviews
3. Revenue estimate from Statista. (2021, May 11). Size of the chocolate confectionery market worldwide from 2012 to 2025. 

https://www.statista.com/statistics/983554/global-chocolate-confectionery-market-size/
4. See the Data-Driven Agriculture section for more information on site similarity analysis.

Food Companies Operating in Tropical Areas

Selected User Profiles for ACCP

Tropical Ingredient Buyer Food Product Manufacturer

Potential Use Cases for ACCP Data Products

Monitoring global weather trends

Monitoring micro weather conditions

Site similarity analysis for crops4

End UsersIntermediaries

User Communities

https://www.census.gov/newsroom/stories/world-population-day.html
https://www.statista.com/outlook/cmo/hot-drinks/coffee/worldwide
https://www.statista.com/statistics/983554/global-chocolate-confectionery-market-size/
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Organizational Assessment

Companies in this community are engaged in production, distribution, quality control, sales, and marketing 
of ingredients grown in tropical environments, as well as the final food and beverage products manufactured 
from those ingredients. Examples include raw ingredients consumed as food products (e.g., almonds), plus 
ingredients that are incorporated into food or beverage products (e.g., chocolate candies, coffee). Companies 
involved in this community make decisions based on a near-global view of weather and environmental 
conditions, because these key ingredients are grown in specific regions around the world where growing and 
harvesting conditions are ideal. Many other food and beverage ingredients play a major role in global 
markets and could be included in this community, including dairy products and sugar. To provide an 
illustration of the complexities of this community, we focus on cocoa, coffee, and almonds. 

Food manufacturersproduce the final food and beverage products that are sold to consumers and wholesale 
and institutional buyers. They buy ingredients from suppliers via long-term contracts, using forecasted 
demand for their end products to establish a volume of ingredients needed to satisfy that demand. These 
companies are interested in weather patterns and forecasts but tend to rely on ingredient suppliers to closely 
monitor conditions and apprise them of potential risks that would lead to price escalation or an inability to 
deliver ingredients at the agreed upon volume. These users receive weather data reports from suppliers or 
brokers. Market reports are typically produced by a research institute or governmentagency affiliated with 
the country where the tropical ingredient is grown.

Ingredient supplierssit between growers and food manufacturers. They take on the majority of risk in 
delivering high-quality ingredients at specified volumes to food manufacturers; thus, they have a lot to lose 
or gain when weather conditions change. These companies work closely with regional entities and directly 
with growers, in some cases, to source their tropically grown ingredients. These suppliers establish long-term 
ŎƻƴǘǊŀŎǘǎ ǿƛǘƘ ƎǊƻǿŜǊǎ ǘƻ ƭƻŎƪ ƛƴ ŀ ŘŜǎƛƎƴŀǘŜŘ ǾƻƭǳƳŜ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ŦǊƻƳ ǘƘŜ ƎǊƻǿŜǊǎΩ ŎǊƻǇǎΦ IƻǿŜǾŜǊΣ ǘƘŜ 
ǊŜŀƭ ŎǊƻǇ ȅƛŜƭŘ ŦǊƻƳ ŀƴȅ ƎǊƻǿŜǊ ƛǎ ƘŜŀǾƛƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǘƘŜ ƎǊƻǿŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŎǘ ƻƴ 
those conditions in a timely manner. To understand the potential risks to crop yields before, during, and after 
a growing season, ingredient suppliers are heavy consumers of weather data around the world. 

Data Intermediaries End Users

To stay abreast of local and global weather, 
users rely on data from a variety of sources, 
including satellite data from NASA (e.g., 
GPM), NOAA (e.g., GOES), and other 
countries (e.g., National Institute of Water 
and Atmospheric Research and Bureau of 
Meteorology in New Zealand); other federal 
agencies in the United States (e.g., NWS); 
and free data aggregators (e.g., Weather 
Underground, Weather Channel). 
Nonsatellite data sources include on-site 
weather stations provided by county or 
other regional agencies.

Intermediaries in this community include 
free data aggregators (e.g., Weather 
Underground, Weather Channel) and 
regional or national entities that monitor 
and report on conditions relevant to 
specific crops. Value-added service 
providers are not as apparent in this 
community as in others. The service 
providers engaged in this community tend 
to align with agricultural applications, such 
as farm management and agricultural input 
platforms. 

Ingredient suppliers and food 
manufacturers represent the end users in 
this community. Ingredient suppliers are 
responsible for delivering high-quality 
ingredients at specified volumes to the food 
manufacturers; thus, they have a lot to lose 
or gain when weather conditions change. 
Food manufacturers are dependent on their 
ingredient suppliers to deliver ingredients 
at a specified quality, volume, and price. 
Their interest in weather has more to do 
with future disruptions to supply as a result 
of climate change. 

User Community: 
Food Companies Operating in Tropical Areas

User Communities
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Organizational Assessment (continued) 

These users monitor how a crop is developing, tracking weather models that may affect the market and price 
and how they source supplies in response to weather effeŎǘǎΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǿŜŀǘƘŜǊΩǎ ƛƳǇŀŎǘǎ ƻƴ 
potential supplies of ingredients is critical. When these risks can be understood, users can make alternative 
Ǉƭŀƴǎ ǘƻ ŦƛƴŘ ƻǘƘŜǊ ǎƻǳǊŎŜǎ ƻǊ ǘǊȅ ǘƻ άōǳȅ ŀƘŜŀŘέ ǘƻ ƳƛǘƛƎŀǘŜ ǇǊƛŎŜ ƛƴŎǊŜŀǎŜǎΦ ²ŜŀǘƘŜǊ Řŀǘŀ arebeing used to 
answer industry-critical decisions related to questions such as the following:

¶When are appropriate times to buy specific ingredients (harvesting time and cycles vary around the 
globe)? 

¶Who do we buy from to ensure good pricing, continuity, and quality? 

¶How do we price futures contracts knowing what may happen in the next few months/year?

Ingredient suppliers and the organizations they partner with to source various tropically grown ingredients 
are familiar with a variety of weather data sources, including satellite-based data from NASA and other 
organizations worldwide. The companies interviewed in this project are interested in collaborating with 
NASA to apply improved data products to new models and forecasts. NASA is perceived in this community as 
a valuable, trusted partner. New and better data and data products that can improve knowledge of weather 
conditions worldwide could have a significant positive impact on this community. 

Food Companies Operating in Tropical Areas

User Communities
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Technical Assessment

Sourcing ingredients for food and beverage products is a global undertaking, with different regions around 

the globe excelling in specific ingredient quality and yield based on local growing conditions. Users in this 

community actively monitor weather conditions around the world throughout the year as growing and 

harvesting seasons occur at key times during the year and vary across the globe. Adverse weather conditions 

in these regions disrupt crops, leading to major supply issues and price escalation.

To stay abreast of local and global weather, users currently seek out data from a variety of satellite (e.g., 

GOES, GPM) and nonsatellite sources. Data products that more easily integrate a variety of data sources 

against county, state, and country mapping are desired. Generally, users are interested in data products that 

are more visual and more easily accessible (e.g., via common data formats across federal agencies and across 

countries). 

This community has a simultaneous need for better data, models, forecasts, and predictions on both a hyper-

local and a near-Ǝƭƻōŀƭ ǎŎŀƭŜΦ 9ȄŀƳǇƭŜǎ ƻŦ ƴŜŜŘǎ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƘŜǊŜ ŀƴŘ ŜȄǇŀƴŘŜŘ ƻƴ ƛƴ ǘƘŜ ά¦ǎŜ /ŀǎŜέ 

section. 

Monitoring global weather conditionsτThis community desires greater data accessibility and availability in 

regions around the world. Improved understanding and modeling of global weather conditions could help 

commodity markets more accurately predict crop yields and pricing. These users desire improved long-term 

(12- to 18-month) and near-term forecasting models, greater accuracy in the models, and improved coverage 

to monitor conditions more closely in specific regions of the world (West Africa, California valleys, Brazil, 

Columbia, Vietnam) that are the primary locations for crop production. Improved data products for 

precipitation, wind speed, humidity, temperature, and fog are desired.

Monitoring hyper-local weather conditionsτIn addition to the global view described above, these users 

have a need to predict and monitor weather conditions in specific farms and fields. Users in this community, 

especially those who work closely with growers in specific regions, are extremely interested in improved 

methods to forecast and monitor weather conditions at a site-specific level of resolution. They want near 

real-time sources of reliable data that can help guide decisions on a farm-by-farm basis. These users shared 

that microclimate conditions vary across the region in which certain crops are grown, and those variations 

affect decision-making throughout the growing cycle. They desire improved accessibility, availability, latency, 

and resolution for precipitation, wind speed, humidity, frost, temperature, and fog.

Food Companies Operating in Tropical Areas

User Communities
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Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future 

decision-making capabilities. Examples of use cases within this community are as follows:

ÅMonitoring global weather trends

ÅMonitoring micro weather trends 

ÅSite similarity analysis for crops (covered in the Data-Driven Agriculture section)

Improved understanding and modeling of global weather conditions could help commodity 
markets predict crop yields and pricing. 

Food production is a global undertaking. The ideal growing regions for several major food ingredients are in tropical, often remote, locations 
with limited resources. Users in this community expressed a strong desire to better understand weather conditions across the globe. They are 
relatively satisfied with the accessibility and variety of data available for North America and desire similar attributes forweather data in other 
regions of the world. Some of the critical global weather phenomena influencing predicted and actual crop yields are the following:

Å Droughts across Australia and New Zealand that may affect dairy production

Å Tropical cyclones in India and Pacific typhoons affecting palm/palm kernel production in Indonesia and Malaysia 

Å Snow cover, cold air outbreaks (polar vortex), hurricanes, and floods that may affect sugar crops 

Å La Niña/El Niño events and ocean temperatures as early signals of storms 

Å Harmattan winds in West Africa and soil moisture index and vegetative index for canopy cover across the Ivory Coast

Å Precipitation in regions where coffee and chocolate are grownτColombia, West Africa, Brazil, and Vietnam

Users expressed a need for improvements in accuracy, reliability, and timeliness (latency) of these and other weather conditions. Users also 
expressed a need for improved models that better predict and interpret precipitation deviations from historical norms and enable comparative 
analysis tools to assess current conditions against prior years that most closely match current conditions. These models are desirable in order 
to improve estimates of crop quality, timing of harvesting, and yield. Improved models and predictions lead to better understanding of 
potential risks to supply chains and earlier actions to mitigate those risks so that disruptions to food supply chains are minimized and prices are 
less likely to experience large fluctuations. 

Food Companies Operating in Tropical Areas

User Communities
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Use Cases (continued)

¦ƴŘŜǊǎǘŀƴŘƛƴƎ άƳƛŎǊƻέ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ƛƴ ƴŜŀǊ ǊŜŀƭ ǘƛƳŜ ŀǘ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ƻŦ ŀ ǎǇŜŎƛŦƛŎ ŦŀǊƳ 
is highly desired. 

Users in this community, especially those who work closely with growers in specific regions, are extremely interested in improved methods to 
forecast and monitor weather conditions at a site-specific level of resolution. Users in this community consistently expressed adesire for 
spatial resolution at 1 km or less. 

Users are seeking near real-time sources of reliable data that can help guide decisions on a farm-by-farm basis. These users shared that 
microclimate conditions vary across the region in which certain crops are grown, and those variations affect decision-making throughout the 
growing cycle. 

These users, along with growers in the region, are ingesting data from a variety of sources: grower-managed weather stations (probes for soil 
moisture, rain, atmospheric conditions, frost); Weather Channel; GOES 16, 17 imagery; and local radar and doppler sources. They are tracking 
several weather conditions that affect crop yield, including temperature, wind gusts, wind speed, humidity, frost conditions,and precipitation.

These data are particularly critical at key times in the growing cycle (e.g., timing of pollination events, blooming and flowering stages, 
harvesting and drying). Weather data during bloom and 60 days beyond are essential for predicting the crop yield. In between these critical 
stages, weather data are used to monitor conditions that might lead to disease or pest infestation. 

Some of the specific areas of interest and improvement expressed by this community include the following:

Å Near real-time dataτLow latency to within the day (most data are accessible the day after) is needed. 

Å Reliable dataτCurrent temperature and wind speed sources are inconsistent in accuracy.

Å PrecipitationτReal-time satellite precipitation data are desired to understand cocoa pod setting, flowering, and development .

Å FrostτReal-time data to predict and interpret frost conditions in the orchards are desired.

Å FogτUnderstanding hours of fog and density of fog would help growers with effective orchard management.

Å Evapotranspiration and moisture stressτThese data are useful to guide decisions on irrigation, but data collection is currently labor 
intensive and time restrictive.

Å Leaf wetness can help determine whether crops are liable to get foliage fungi and other disease conditions.

Food Companies Operating in Tropical Areas

User Communities
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Companies involved in sourcing tropical 
ingredients closely track weather effects on 
the growing cycle and supply chain.

Tropical Ingredient 
Buyer/Manager 

User Community:

Food Companies Operating in 
Tropical Areas

Who are they?

Heads of procurement, sourcing 
strategy, and grower relationships at 
major food ingredient companies 

Who do they work for?

Major ingredient companies that are 
partially or completely focused on 
ingredients, including coffee, 
chocolate, sugar, and almonds. 
These ingredients are grown in 
unique microclimate environments 
around the world. These ingredient 
companies serve as a critical link 
between growers and major food 
brands that manufacture and 
distribute final food products. 

What decisions are they making (and how) today? 

These users need to determine when to buy specific ingredients, who to 
buy from, what to expect from a pricing and volume standpoint, and 
where the risks are in terms of delivery and quality of ingredients. 

Do they have experience with EO data? 

Many of these users are avid consumers of EO data from a variety of 
sources. Some were familiar with advancements in GOES sensing and 
data products. 

What do they care about? 

These users desire improved forecasting models, greater data accuracy, 
data products with improved resolution on specific farms/fields of 
interest, and improved coverage to monitor conditions more closely in 
specific regions of the world (West Africa, California valleys, Brazil, 
Columbia, Vietnam). They named specifically improved data products 
for precipitation, wind speed, humidity, temperature, and fog. They are 
interested in understanding the physiological processes of trees 
(evapotranspiration, moisture stress) and their interdependencies with 
weather. Understanding this concept and automating decision-making 
for the farmer are considered the holy grail. 

End UsersIntermediaries

Tropical Ingredient 
Buyer/Manager 

User Communities
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What are their technical needs?

Higher resolution is important because some of the regions of interest 
have unique microclimates. The conditions in one valley can be 
completely different from the conditions in the next one. These users 
need improvements in accuracy, reliability, and latency of all data, 
especially precipitation data across regions outside the United States 
(e.g., West Africa). Any data that can improve models that predict crop 
quality, nature of harvesting, and flow of crop are beneficial. They need 
better ways to determine shade canopy and health of crops that are low 
to the ground. They want methods of understanding evapotranspiration 
and moisture stress. 

What would motivate them to use NASA EO data?

They would use NASA EO data if the data had improved availability, 
latency, and resolutionτmore real-time data in higher spatial 
resolution; improved accessibility of data in key geographies outside the 
United States (e.g., West Africa, Pacific storms, New Zealand/Australia); 
and improved data products for U.S. regions (e.g., better resolution of 
temperature, precipitation, fog, and moisture data through Sacramento 
San Joaquin Valley, Central Valley).

What are their adoption barriers for using NASA EO data? 

They want high-level models and data products that incorporate EO 
data, not raw data feeds. 

What are they afraid of? 

Poor-performing crops, surprises and disruptions to the growing cycle, 
and the economic impact of those things are all concerns.

What do they NOT care about?

These users do not care about data coverage outside tropical regions.

What are some key use cases?

ÅMonitoring global weather trends

ÅMonitoring micro weather conditions

ÅSite similarity analysis for crops 

Tropical Ingredient 
Buyer/Manager 

άOur [almond] bloom weather is 

criticalτthe other 50 weeks 

mean nothing if these two weeks 

ŀǊŜ ōŀŘΦέ

τVice President, Almond Growing 

Company

User Communities

άLǘ ǿƻǳƭŘ ōŜ ƎǊŜŀǘ ƛŦ ώǿŜŀǘƘŜǊϐ 

data could be easily aggregated 

by county/state or country level 

ǊŜƭŀǘƛǾŜƭȅ ŜŀǎƛƭȅΦέ

τSenior Buyer, Chocolate 

Ingredient Company
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Food product manufacturers rely on 
ingredient suppliers to manage supply chain 
risks; interest in satellite data aligns with 
bigger issues, such as climate change. 

Food Product 
Manufacturer

User Community:

Food Companies Operating in 
Tropical Areas

Who are they?

As quality or sourcing managers at 
branded food companies, these 
users work closely with ingredient 
ǎǳǇǇƭƛŜǊǎ ŀƴŘ ǘƘŜ ǎǳǇǇƭƛŜǊǎΩ ŦŀǊƳŜǊǎΣ 
to assess, evaluate, and verify that 
ingredients meet their sensory and 
qualitative performance criteria. 
They are accountable to consumers; 
thus, they must confirm that 
ingredients brought into the 
company are safe for consumption 
and will deliver high-quality final 
food products. 

Who do they work for?

These companies buy ingredients to 
produce final food products for 
institutional (hotels, university 
cafeterias), commercial (restaurants, 
catering firms), and retail customers.

What decisions are they making (and how) today? 

These users make buying decisions. Coffee, cocoa, and other tropically 
sourced ingredients are purchased via long-term agreements. Quality 
and sourcing managers have to make long-term decisions such as which 
contracts will be fulfilled, from which regions, and what the contingency 
plans are if those contracts cannot be fulfilled or the quality of the 
ingredient is not satisfactory. 

Do they have experience with EO data? 

These users are historically less familiar with EO data. They rely on 
weather and AQ forecasts from their ingredient suppliers and other 
sources. 

What do they care about? 

These users greatly desire long-term weather forecasts (12 to 18 
months) that provide increased confidence levels. These forecasts are 
monitored to understand precipitation levels, dryness, and ocean 
temperatures (for risk of major storms). These forecasts help buyers 
understand where future issues with crops may arise in regions around 
the world and thus how supply and pricing might be affected. During 
critical times in various growing seasons, they desire near real-time 
status of weather conditions in key areas of the globe, such as 
Columbia, Brazil, and Vietnam, which produce 60% to 65% of the 
ǿƻǊƭŘΩǎ ǎǳǇǇƭȅ ƻŦ ŎƻŦŦŜŜΦ

End UsersIntermediaries

Food Product 
Manufacturer

User Communities
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"The impact of climate change 

on coffee crops is a big concern. 

There are pessimistic 

predictions that in 15 years 

Brazil will not be able to 

produce coffee anymore due to 

climate change. The big coffee 

companiesτUnilever, Nestle, 

Keurig Dr Pepperτhave 

internal research teams 

ǿƻǊƪƛƴƎ ƻƴ ǘƘƛǎ ƛǎǎǳŜΦέ

τQuality Control Manager, Coffee 

Company

What are their technical needs?

These users need improved accuracy in long-term precipitation models, 
especially models that can help assess risks in remote growing areas in 
South America and Asia. They also need improved data and models that 
can forecast long-term impacts that climate change will bring and how 
regions and countries can prepare for those changes. 

What would motivate them to use NASA EO data?

They would be motivated to use EO data if they have data that lead to 
improved confidence in long-range forecasts, greater visibility into 
weather conditions in tropical growth areas in near real time, or 
predictions on the effects of climate change on current growing regions. 

What are their adoption barriers for using NASA EO data? 

Ingredient/sourcing managers at major food manufacturers are not 
likely to adopt NASA EO data for daily use. Instead, they will rely on their 
ingredient suppliers to monitor weather conditions for them as a way to 
de-risk their own ingredient supplies. However, researchers at some of 
these companies are trying to understand and predict the effects of 
climate change on their industry. Increased awareness of and access to 
NASA EO data could be the beginning of deeper engagement with this 
community.   

What are they afraid of? 

These users are concerned about the pace and intensity of climate 
change. For example, key questions in the coffee industry include how 
will climate change affect coffee farming? What regions will become 
unsuitable? Will other regions become more suitable and, thus, coffee 
production will shift over time? Many companies and research 
organizations around the world are exploring these questions currently. 
Data and models that could improve confidence levels in long-term 
forecasts like these would be immensely helpful. 

What do they NOT care about?

Ingredient/sourcing managers do not care about day-to-day weather, 
unless it is severe and may compromise their supply chain. Long-term 
seasonal data and outlooks are more important to them. 

What are some key use cases?

ÅMonitoring global weather trends

ÅMonitoring micro weather conditions

ÅSite similarity analysis for crops

Food Product 
Manufacturer

User Communities
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ACCP User Community Profiles

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

Data-Driven Agriculture

Food Companies Operating in Tropical Areas

Health and Short-Term Air Quality Monitoring

Solar Energy

User Communities
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Community Overview

Researchers, health care providers, and policy-makers recognize the impact of air pollution on public health: 
fine particulate matter (PM

2.5
) may exacerbate chronic respiratory and cardiovascular diseases and has been 

correlated to conditions such as lung cancer and breast cancer. Understanding the impact of pollution on 
health outcomes has long been a research priority. The State of Global Air initiative considers fine-air 
ƻǳǘŘƻƻǊ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ άǘƘŜ ƭŀǊƎŜǎǘ ŘǊƛǾŜǊ ƻŦ ŀƛǊ ǇƻƭƭǳǘƛƻƴΩǎ ōǳǊŘŜƴ ƻŦ ŘƛǎŜŀǎŜ ǿƻǊƭŘǿƛŘŜΣέ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ пΦмп 
million deaths globally, a 23% increase over the past decade.1 In general, the health community is interested 
in understanding both short- and long-term health impacts from air pollution. Users interviewed in this 
particular community subsection focus primarily on acute health effects of pollution, such as respiratory 
attacks from chronic obstructive pulmonary disease (COPD) and asthma. These acute reactions can have 
large effects on health care visits and costs. For example, a 2018 Environmental Health Perspectives Study 
discovered that air pollution played a role in up to 33 million emergency room visits for asthma attacks in 
2015.2 A 2010 RAND Corporation Report indicated that pollution-related hospital admissions in California 
cost health care purchasers/payers over $193 million in hospital care.3 Understanding and avoiding AQ 
conditions leading to these acute respiratory events could help patients prevent costly and life-threatening 
health consequences and help health care providers best treat their patients. 

Moving Forward with ACCP

Future data products can raise the bar within this user community by providing global coverage of vertically 
resolved data broken down by types of particulates, including ultrafine (PM 1) aerosols, filling in gaps to the 
ground-based sensor network. Colocation of weather and aerosol data will improve understanding of how 
aerosols are dispersed and deposited across an area of land and, ultimately, help with forecasting. 

Although private-sector health care applications offera number of opportunities for using these data, current 
research gaps must be addressed before incorporating these data into some use cases. For example, the 
research community must establish clear links between aerosol types and health impacts. Engaging with 
entities such as the Environmental Protection Agency (EPA), Centers for Disease Control and Prevention 
(CDC), and the National Institute of Environmental Health Sciences (NIEHS) for joint research to understand 
these links may better set up successful use of this data in the private sector. 

1. State of Global Air/2020. (2021).  Health impacts of PM2.5. https://www.stateofglobalair.org/health/pm
2. Anenberg, S. C., Henze, D. K., Tinney, V. et al. (2018). Estimates of the global burden of PM2.5, ozone, and NO2 on asthma incidence and Emergency room 

visits. Environmental Health Perspectives, 126(10). https://ehp.niehs.nih.gov/doi/full/10.1289/EHP3766
3. Romley, J. A., Hackbarth, A.,& Goldman, D. P. (2010). The impact of air quality on hospital spending. RAND. 

https://www.rand.org/pubs/technical_reports/TR777.html

Selected User Profiles for ACCP

Data Scientist for 
Outdoor Air 

Quality Insights 
Platform 

Health Care 
Provider

Patient or Caretaker 
Managing Respiratory 

Disease

Potential Use Cases for ACCP Data Products

Individual or cohort health monitoring 

Clinical decision support

Environmental monitoring

End UsersIntermediaries

Health and Short-Term AQ Monitoring

User Communities

https://www.stateofglobalair.org/health/pm
https://ehp.niehs.nih.gov/doi/full/10.1289/EHP3766
https://www.rand.org/pubs/technical_reports/TR777.html
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Organizational Assessment 

Air pollution is widely studied across communities within the environmental public health profession, 
including researchers, regulatory agencies, industry, and policy-making organizations that incorporate AQ 
data into large epidemiological studies. This specific user community focuses on the stakeholders in the 
health care community that are interested in near real-time monitoring of current conditions and short-term 
ŦƻǊŜŎŀǎǘƛƴƎΦ ¢ƘŜǎŜ Řŀǘŀ ƘŜƭǇ ƳŀƪŜ ŘŜŎƛǎƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ŀŎǳǘŜ ŎŀǊŜ ŦƻǊ ŀ ǇŀǘƛŜƴǘΩǎ ŎŀǊŘƛƻǊŜǎǇƛǊŀǘƻǊȅ ƴŜŜŘǎΣ 
which may ultimately decrease acute respiratory crises, improve patient care, and reduce health care costs. 

Ultimately, this user community is most interested in small PM that has been shown to negatively affect 
health, such as PM2.5 and PM 1. The community currently relies on readings from ground-based sensors that 
provide a real-ǘƛƳŜ ŜǎǘƛƳŀǘŜ ƻŦ Ǉƻƭƭǳǘƛƻƴ ŀǘ άƴƻǎŜ ƭŜǾŜƭέ ŀŎǊƻǎǎ ǘƘŜ ǿƻǊƭŘΦ tƭŀǘŦƻǊƳǎ ǎǳŎƘ ŀǎ ǘƘŜ 9t!Ωǎ !ƛǊbƻǿ 
network incorporate calibrated, on-ground EPA sensor networks and are starting to incorporate readings 
from low-cost, real-time AQ sensors provided by companies such as PurpleAir. Advanced users may 
incorporate satellite-based AQ data products (like MODIS outputs), but current satellite data products 
measure aerosol within the column of air, and more information is needed to use those observations to 
estimate surface-level PM

2.5
and augment the spatially limited ground-based observations.

Many users within health care currently (or may in the near future) incorporate AQ data in their decision-
making. Patients and caretakers monitoring respiratory disease symptoms actively monitor environmental 
stimuli , including outdoor air pollution, that may trigger an attack. Air pollution data help them make better 
decisions on opportunities to be outside, exercise, or travel that mitigate the risk of respiratory symptoms. 

Management of behavior using air pollution data is encouraged by clinicians and health care providers, who 
may use these data to better manage their cohort of patients. Ultimately, this information will help these 
providers understand what their patients are regularly exposed to and inform how to best treat their 
conditions. Individuals in these health care settings could use these data to anticipate times when asthma 
and COPD attacks may increase based on the AQ forecast.

Patients and health care providers rely on platforms that aggregate AQ data with other data products, such 
ŀǎ ǊŜǎŎǳŜ ƛƴƘŀƭŜǊ ǳǎŜΣ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ ǇǊŜŘƛŎǘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 
health outcomes. Data scientists creating outdoor AQ platforms aggregate data and insights to help users 
understand what cohorts of patients may be at risk for acute respiratory events, who might be underserved 
based on current therapies, and what sorts of health risks may be more prevalent in certain areas based on 
type of air pollution. In the next 5 to 10 years, users of short-term AQ data colocated with health data may 
expand the data to uses such as charting software products, modules, and other clinical decision support 
systemsthat ƘŜƭǇ ŎǊŜŀǘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ŎŀǊŜ ōŀǎŜŘ ƻƴ ŀ ǇŀǘƛŜƴǘΩǎ ŜȄǇŜǊƛŜƴŎŜΦ 

Health and Short-Term AQ Monitoring

User Communities
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Organizational Assessment (continued)
Private health insurers and public purchasers such as Medicare and Medicaid may be future users of data, 
especially in their managed care programs. Understanding AQ trends and forecasting in certain regions could 
serve as an important data point to understand risk. Data analysts could use AQ data to understand the 
health burden on a particular population subset and use these data to inform their premium pricing. 
Insurance providers have a vested interest in promoting healthy behaviors in their enrollees, which ultimately 
reduces their costs. 

Health and Short-Term AQ Monitoring

Data Intermediaries End Users

Data are collected from ground-based 
sensor networks and satellite sources, 
including MODIS, Multi-angle Imaging 
Spectroradiometer (MISR), Visible Infrared 
Imaging Radiometer Suite (VIIRS), Ozone 
Monitoring Instrument (OMI), and 
Tropospheric Monitoring Instrument 
(TROPOMI) data.

Data are aggregated into a gridded network 
that maps sensor readings or satellite-based 
observations. These platforms may leverage 
individual or population health data and 
other environmental factors to understand 
links between AQ and health outcomes. 

Patients with respiratory diseases and their 
caretakers may plan outdoor activities 
around AQ readings given by these gridded 
data products. Health care providers often 
recommend use of these data sources to 
patients and may also use these products to 
understand what their patients may have 
been exposed to or when to expect a higher 
level of emergency room visits. 

User Communities
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Technical Assessment 

This user community focuses on near-time to short-term forecasting of air pollution and its effects on health, 
which requires data with high spatial and temporal resolution. Community members prefer a spatial 
resolution of 250 m or less (and, ideally, 50 to 100 m) and subhourly temporal resolution. Latency needs 
depend on whether there is a real-time AQ event. For example, when wildfire smoke comes through an area, 
data within the hour would be ideal. For AQ forecasting, users are interested in understanding AQ conditions 
approximately 2 to 7 days in advance. 

Currently, this user community mostly relies on ground-based sensor networks, such as those maintained by 
the EPA, and low-cost sensor networks, such as PurpleAir or Plume sensors. This network, however, is 
difficult to maintain and has limited coverage. Therefore, coverage in rural areas can be extremely low. 
Health care researchers and practitioners may be missing out on key information on what individuals in rural 
areas are routinely exposed to, such as agriculture-related pollution data. Global-scale coverage is the true 
value of satellite-based data compared with current on-ground sensor networks, especially in developing 
economies and rural areas where sensor coverage is low. 

Specific aerosol data needs for this user community include the following:

Improved characterization of the types of aerosols they are encounteringτExposure to different types of 
particles (beyond PM size) may affect individuals in different ways. Understanding what types of particles an 
ƛƴŘƛǾƛŘǳŀƭ Ƴŀȅ ōŜ ŜȄǇƻǎŜŘ ǘƻΣ ƛƴŎƭǳŘƛƴƎ ŘǳǎǘΣ ƴŜǿ ŀƴŘ ƻƭŘ ǎƳƻƪŜΣ ŀǎƘΣ ǇƻƭƭŜƴΣ ŀƴŘ ƻǘƘŜǊ άōƛƻǘƛŎέ ǇŀǊǘƛŎƭŜǎΣ 
could help researchers and clinicians better understand the relationship between exposure and health 
outcomes. This community would especially value measurement of ultrafine particles (~PM 1). 

Highly resolved, ground-based PM
2.5

data across a global scaleτ¢ƻ ǳƴŘŜǊǎǘŀƴŘ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƭŜǾŜƭ ƻŦ 
exposure to aerosol and PM, users must consider not only the aerosol optical depth of the entire column of 
air but also the vertical distribution of aerosols across that column, mostly those at nose level. Users are 
interested in satellite data products with high global coverage that can provide an understanding of particle 
concentration at the surface level. 

Improved understanding of three-dimensional aerosol motionτColocated aerosol, CCP data can help users 
better understand dispersion and deposition of particles due to weather events such as rain and wind, 
painting a more accurate picture of aerosol forecasting (e.g.,when to expect smoke from recent wildfires to 
enter the area and when dust may leave the area). 

Health and Short-Term AQ Monitoring

User Communities
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Technical Assessment (cont.)

Colocated and easily accessible dataτUsers often incorporate many data sources (including satellite-based 
sources) to understand the effects of AQ on health. Users indicated a desire for additional colocated data, 
such as surface heat, visibility, humidity, wind, and wind direction. In addition, users noted the value of 
pulling both surface-based and satellite-based AQ data into one database for a universal AQ platform. 
Cleaned, validated downloadable data sets, with API calls or ArcGIS layers, can help users more easily 
incorporate these data sets into their own platforms in a timely and accurate fashion. 

Although this user community focuses on near-time and short-term forecasting of AQ data, their eventual 
use of satellite-based AQ data products requires an improved understanding of the impacts of certain types 
ƻŦ Ǉƻƭƭǳǘƛƻƴ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΣ ǿƘƛŎƘ Ƴŀȅ ǊŜǉǳƛǊŜ ŜǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ǎǘǳŘƛŜǎ ǿƛǘƘ ŀ ƭƻƴƎ ǊŀƴƎŜΦ 
¢ƘŜǎŜ Řŀǘŀ ǿƛƭƭ ŜƴŀōƭŜ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ǘƻ ƳƻǾŜ ōŜȅƻƴŘ άƎǊŜŜƴΣ ȅŜƭƭƻǿΣ ŀƴŘ ǊŜŘέ ǎǘƻǇƭƛƎƘǘ Řŀǘŀ ǇǊƻŘǳŎǘǎ ŀƴŘ 
into more actionable data that can inform health risks. 

Specific technical needs for satellite-based AQ data were discussed with respect to three use cases, 
summarized here, and expanded on later: 

Individual and cohort health monitoringτManaging care for individuals afflicted by respiratory diseases 
such as asthma and COPD may involve day-to-day monitoring of outdoor AQ around them. Understanding 
what particles they may be exposed to and when AQ may be sufficient for them to leave the house can help 
reduce rescue inhaler use; emergency room visits; and, ultimately, health care and quality-of-life costs. 

Clinical decision supportτ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŜȄǇƻǎǳǊŜ ǘƻ ǘȅǇŜǎ ƻŦ ŀƛǊ ǇŀǊǘƛŎǳƭŀǘŜǎ ŎƻǳƭŘ ƘŜƭǇ 
health care providers make personalized care recommendations. 5ƛƎƛǘŀƭ ƘŜŀƭǘƘ ǇƭŀǘŦƻǊƳǎ ƻƴ ǇŀǘƛŜƴǘǎΩ ǇƘƻƴŜǎ 
are helping them understand the link between AQ and health outcomes, and these platforms may be 
incorporated into clinical support software and decision-making tools later. 

Environmental monitoringτShort- and long-term monitoring of many environmental factors in a certain 
location, including AQ data, can help understand key trends and needs, identify hot spots, and help many 
potential end users identify links between environmental exposure and specific health outcomes. 

Health and Short-Term AQ Monitoring

User Communities
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Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future 

decision-making capabilities. Three examples of use cases within this community are as follows:

Å Individual or cohort health monitoring 

ÅClinical decision support

ÅEnvironmental monitoring

Colocated aerosol and weather data may help patients and health care providers better 
anticipate conditions that may lead to respiratory distress. 

Patients and caretakers managing cardiorespiratory diseases consider outdoor AQ when making everyday decisions. For the worldΩǎ roughly 339 
million asthma patients and 251 million COPD patients, exposure to PM may trigger an acute respiratory event, which could be life-threatening. 
Monitoring outdoor AQ conditions is one of the most effective ways to avoid these events. Therefore, health care providers recommend that 
ǘƘŜǎŜ ǇŀǘƛŜƴǘǎ ŀŎǘƛǾŜƭȅ ƳƻƴƛǘƻǊ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ !v ōŀǎŜŘ ƻƴ ǇƘƻƴŜ άǎǘƻǇƭƛƎƘǘ ŀǇǇǎέ ǘƘŀǘ ƭŜǘ ǘƘŜƳ ƪƴƻǿ ǿƘŜǘƘŜǊ ǘƘŜ ŎǳǊǊŜƴt AQ may affect 
people in sensitive groups. Users leverage these resources to make decisions on whether to (or when to) leave the house, exercise, travel, and 
more. In areas with frequent AQ crises such as wildfires, educational institutions and companies may limit their outdoor activities based on real-
time or forecasted AQ readings that could be unhealthy to sensitive groups. 

Users of this information are looking for real-time AQ information, as well as short-term forecasting: What might the next 2 to 7 days look like? A 
better understanding of weather and aerosol relationships, incorporating barometric pressure, wind, and precipitation, may help improve 
forecasting what the week of AQ might look like. Readings for specific types of aerosol and PM, such as pollen or dust, can help different 
populations react and prepare for AQ events. For this use case, satellite data can provide coverage across geographic areas that may not have 
nearby on-ground sensors, such as rural areas in the United States or in developing economies across the world. These users are concerned with 
surface-based readings at nose level and have the highest spatial resolution needs, down to the neighborhood level and preferably less than 250 
m. 

Health and Short-Term AQ Monitoring

Detailed aerosol data can be used in clinical decision support models that optimize health care 
treatments and therapies. 

/ƭƛƴƛŎŀƭ ŘŜŎƛǎƛƻƴ ǎǳǇǇƻǊǘ ƛƴŎƻǊǇƻǊŀǘŜǎ ŀ ǇŀǘƛŜƴǘΩǎ ǇŜǊǎƻƴŀƭ ƘŜŀƭǘƘ Řŀǘŀ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜǎ ǘƻ ǇǊƻǾƛŘŜ ǇŜǊǎƻƴŀƭƛȊŜŘ ŎŀǊŜ ǊŜŎƻƳƳŜƴdations. For 
example, what might be the best therapy for an asthma attack? By understanding what specific types of particles an individualhas been exposed 
to, and for how long, health care providers can move toward therapies and approaches that best fit the needs of a specific patient. 

Although a significant amount of research has been done to understand the relationship between air pollution and both short- andlong-term 
health consequences, the research community still needs to understand the relationship between particle types and specific health outcomes. 
Even though researchers may be the primary users of this information now, in the next 5 to 10 years, this information could be incorporated into 
ǇǊƻŘǳŎǘǎ ǎǳŎƘ ŀǎ ŎƭƛƴƛŎŀƭ ŎƘŀǊǘƛƴƎ ǎƻŦǘǿŀǊŜ ŀƴŘ ŘŀǎƘōƻŀǊŘǎ ǘƻ ƘŜƭǇ ƘŜŀƭǘƘ ŎŀǊŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǳƴŘŜǊǎǘŀƴŘ ǇŀǘƛŜƴǘǎΩ ǎƘƻǊǘ-term needs. Software 
ŀǇǇƭƛŎŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ tǊƻǇŜƭƭŜǊ IŜŀƭǘƘΣ ǿƘƛŎƘ ŎƻƭƻŎŀǘŜ ŀ ǇŀǘƛŜƴǘΩǎ ǊŜǎŎǳŜ ƛƴƘŀƭŜǊ ǳǎŜ ǿƛǘƘ !v ŀƴŘ ǿŜŀǘƘŜǊ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǇǊŜcipitation, visibility, 
temperature, and wind are moving toward offering personalized, data-driven insights using environmental inputs such as AQ data. 

This community will value enhanced abilities to determine the specific particles the patient or patient cohort has been exposed to. Because 
these users are interested mainly in exposure to past and current aerosols rather than a forecast, they value a short latencyfor data products 
όƭŜǎǎ ǘƘŀƴ ŀ Řŀȅύ ŀƴŘ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ όƛŘŜŀƭƭȅΣ ƭŜǎǎ ǘƘŀƴ нрл ƳύΣ ǿƘƛŎƘ Ŏŀƴ ōŜǎǘ ƘŜƭǇ ǘƘŜƳ ǳƴŘŜǊǎǘŀƴŘ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǘƻǘŀƭ Ŝxposure to particles. 

User Communities
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Use Cases(continued)

Aerosol and weather data can be used in environmental monitoring to help understand human 
health patterns, links, and hot spots.

Environmental monitoring incorporates a variety of data sources to help identify general health needs for a population in a certain location. 
Environmental monitoring leverages a number of satellite- and ground-based data sources to help understand specific locations. For example, 
data on weather, light pollution, NDVI, and surface temperature, along with colocated health outcomes data, could help establishwhether 
populations in urban areas are more susceptible to certain acute and chronic conditions. Users are looking for data that offer surface-based 
aerosol measurements that are highly spatially resolved, provide global coverage, and can differentiate between particles. Global coverage of 
satellite-based AQ data would help augment on-ground sensors and wearables. Although this data aggregation can help identify current and 
acute needs based on short-term data, it may rely on long data records to identify anomalies with current conditions. Environmental monitoring 
could be used in several ways: 

Å Anticipate potential community health needs in response to environmental conditions, including AQ events and natural disasters, enabling 
health care providers such as emergency departments to better equip themselves for patients with acute respiratory issues. 

Å Identify hot spots of poor AQ, especially in rural areas and developing economies, where on-ground sensor concentration is quitelow. 

Å Identify if current respiratory therapies are treating patients effectively and if there are areas of unmet need because of highpollution. 

Å Understand health risk trends for certain areas and create indices for certain health conditions, such as depression and anxiety, which may be 
influenced by AQ. 

These data could be used by government policy-makers and AQ management districts, health care data analytics companies that serve 
ǇƘŀǊƳŀŎŜǳǘƛŎŀƭ ŀƴŘ ƳŜŘƛŎŀƭ ŘŜǾƛŎŜ ŎƻƳǇŀƴƛŜǎΣ ŀƴŘ ŎƻƳǇŀƴƛŜǎ ŀƴŘ ŀƎŜƴŎƛŜǎ ǘƘŀǘ Ƴŀȅ ŎƻƴǎƛŘŜǊ ƻŦŦŜǊƛƴƎ άƘŀȊŀǊŘ Ǉŀȅέ ǘƻ ŜƳǇƭƻȅŜŜǎ operating in 
areas with AQ risks. Insurance companies may also use these data to understand health burdens on a particular population, which may inform 
their premium pricing. 

Because this application incorporates a significant amount of data from disparate sources, users would like data sources thatcan provide clean, 
validated, downloadable data sets that are flexible (e.g., can change units quickly) and have some mechanism to easily transfer Řŀǘŀ ǘƻ ǘƘŜ ǳǎŜǊΩǎ 
ǇƭŀǘŦƻǊƳΣ ǎǳŎƘ ŀǎ !tLǎ ƻǊ !w/ DL{ ƭŀȅŜǊǎΦ CƻǊ b!{! Řŀǘŀ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ǳǎŜǊǎ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǘŀǇ ƛƴǘƻ ŀƭƭ ƻŦ b!{!Ωǎ Řŀǘŀ ǎƻǳǊŎŜǎfor one location easily 
(e.g., all satellite-based information for the city of Raleigh, North Carolina). 

Health and Short-Term AQ Monitoring

User Communities
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Satellite data can help inform AQ forecast 
models that help patients manage their 
respiratory conditions. 

Individual or Caretaker 
Managing 

Respiratory Disease

User Community:

Health and Pollution

Who are they?

These users live with respiratory 
conditions such as asthma and COPD 
and have noticed a linkage between 
AQ and the onset of respiratory 
symptoms. They may have serious 
symptoms that could require rescue 
inhaler use or hospitalization. They 
ŀǊŜ ƘŜŀƭǘƘ ŎƻƴǎŎƛƻǳǎ ŀƴŘ άŘƻ ǘƘŜƛǊ 
ǊŜǎŜŀǊŎƘέ ǘƻ ŦƛƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ 
can help them make decisions.

Who do they work for?

Could be everyday people, parents 
of children with asthma, or 
caretakers/teachers in daycare 
centers and schools who look after 
people with respiratory challenges. 
They keep abreast of current AQ 
detection technologies, may be early 
adopters of personal air purifiers, 
and like having data to help them 
make decisions. They may also be 
early adopters of wearable 
technologies. 

What decisions are they making (and how) today? 

These data users rely on AQ data to determine when they can safely 
avoid days and times where particulate concentrations might cause a 
respiratory event. AQ information helps them weigh risks on day-to-day 
activities (e.g., whether to let children with asthma play outside), and it 
also may help them incorporate products or approaches to reduce their 
ƘƻƳŜΩǎ ƛƴŘƻƻǊ ŀƛǊ ǇƻƭƭǳǘƛƻƴΦ aƻǎǘ ǳǎŜǊǎ ǊŜƭȅ ƻƴ Ŝŀǎƛƭȅ ŀǾŀƛƭŀōƭŜ !v 
applications, such as AirNow, that are available for smartphones. These 
sources leverage data from ground-based sensor networks. Users may 
consider purchasing and incorporating low-cost AQ sensors around their 
own home. They are interested in PM

2.5
and other PM, as well as other 

types of pollutants, such as pollen and ozone. 

Do they have experience with EO data?

They employ data via third-party, highly gridded, and processed sources 
and typically lack the capability to interpret data from satellite sources.

What do they care about? 

These users are most concerned about PM
2.5

and other PM, such as 
pollen, in their immediate environment. Thus, they could need high-
resolution data, approximately the size of a city block (to 50-m 
resolution) data. 

Ultimately, these users want to proactively, rather than reactively, 
manage their respiratory conditions and how they relate to AQ; 
improved forecasting abilities can help them make decisions beyond the 
current 1- to 2-day forecasts. 

These data users are especially interested in wildfire smoke: When can 
we expect smoke from West Coast fires, for example, to reach the Great 
Plains? When can we expect AQ to improve? 

These users are interested in understanding their exposure to ozone and 
volatile organic compounds. 

End UsersIntermediaries

Individual or Caretaker 
Managing Respiratory 

Disease

User Communities
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άLƳǇǊƻǾŜŘ ŀŜǊƻǎƻƭ Řŀǘŀ ǿƻǳƭŘ 

help us to predict and avoid 

costly asthma or COPD 

ŜȄŀŎŜǊōŀǘƛƻƴǎΦέ

τVP of Science and Research, 

Digital Health Platform Company

What are their technical needs?

These users want high spatiotemporal resolution data: spatial resolution 
less than 250 m and near real-time capture (needs that are currently 
satisfied by low-cost sensor networks). They need accurate AQ forecasts 
approximately 2 to 7 days out, which are informed by convective 
weather and precipitation data. They would like the ability to identify 
and understand the specific particulates that they might be exposed to, 
including PM

2.5
, ultrafine particles such as PM 1, pollen, dust, and other 

types. They require AQ data at the surface-based level. 

What would motivate them to use NASA EO data?

They would be motivated by having data that are easy to use and 
interpret (most likely incorporated in the AQ or health applications they 
currently use) and that provide actionable information beyond just a 
άǊŜŘΣ ȅŜƭƭƻǿΣ ƎǊŜŜƴέ ǘȅǇŜ ƻŦ ŀǇǇΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜƴ ƳƛƎƘǘ !v ƛƳǇǊƻǾŜ 
in the next 3 days?

What are their adoption barriers for using NASA EO data? 

These users have a low maturity level of employing NASA data products. 
Low-cost sensors are designed to be easy to set up and interpret by 
everyday users and may be preferred by these users. 

What are they afraid of? 

Accurate information about current and future AQ can play a significant 
ǊƻƭŜ ƛƴ ƳŀƴŀƎƛƴƎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƘŜŀƭǘƘΦ !ŎǳǘŜ ǊŜǎǇƛǊŀǘƻǊȅ ŜǾŜƴǘǎ Ƴŀȅ ōŜ 
unpleasant for the sufferer, could lead to significant health care costs, 
and may even be life altering or threatening. These users, however, tend 
to leverage multiple data sources and approaches for making health-
related decisions.

What do they NOT care about?

These users typically only care about AQ observations and forecast 
models where they are currently located; real-time AQ sensors close to 
ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƘƻƳŜ Ŏŀƴ ŜŦŦŜŎǘƛǾŜƭȅ ǿƻǊƪ ŦƻǊ ǘƘŜƳΦ IƻǿŜǾŜǊΣ ǘƻ ōŜǘǘŜǊ 
understand additional locations where they work or travel and to 
appropriately forecast AQ, coverage over a large area is more important. 

What are some key use cases?

Å Individual or cohort monitoring 

Individual or Caretaker 
Managing 

Respiratory Disease

User Communities
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Health care providers look to AQ 
information as data that can help them 
treat their patients more effectively.

Health Care Providers 

User Community:

Health and Pollution

Who are they?

Highly trained medical professionals 
who directly work with patients with 
respiratory issues. Includes family 
medicine and pediatric physicians 
and specialized respiratory experts. 
Their job requires diagnosing 
respiratory issues and helping 
patients manage symptoms of their 
disease effectively. They are patient 
advocates for resources from the 
health care network. They keep 
abreast of the latest research in 
respiratory health and are interested 
in personalized medicine.

Who do they work for?

Belong to health care network or 
private practice, ultimately 
interfacing with patients. These 
users answer to department heads, 
directors, and health care 
administrators. They are acutely 
aware of the link between AQ and 
hospital spending and understand 
that AQ crises can lead to an influx 
of patients needing acute respiratory 
care. They can be advocates of using 
new types of information for 
hospital administration, but they 
would need to show that adopting 
AQ data leads to a high return on 
investment in terms of fewer 
hospital visits. 

What decisions are they making (and how) today? 

These users may leverage AQ data to monitor health outcomes of a 
certain cohort. Physicians recommend using third-party AQ applications 
or digital health monitoring platforms, such as Propeller Health, to help 
their patients avoid circumstances that could trigger an acute attack. 
Understanding what these patients have been acutely exposed to, as 
well as what their baseline exposure to environmental pollutants is, may 
in the future help health care providers recommend courses of 
treatment that can better manage respiratory symptoms. Understanding 
potential hot spot areas could help providers proactively reach out to 
patients living in these areas to help them avoid potential health effects 
of pollution. Health care providers use AQ information as a data source 
to understand the health needs or trends that might occur in the next 
few days: for example, how might we prepare our urgent care facilities 
to deal with wildfire smoke? 

Do they have experience with EO data? 

They employ data via third-party, highly gridded, and processed sources 
and typically lack the capability to interpret data from satellite sources.

What do they care about? 

These users are interested in regional or global coverage of data, 
especially in rural areas and developing regions where low-cost sensor 
networks are not abundant. These users would like better information 
on the types of particles an individual has been exposed to and how 
exposure may affect their treatment and health outcomes. Ultrafine 
particles are a specific and growing area of interest because there is a 
current gap in ground-based sensor technologies for detection. Health 
care providers are also interested in understanding how specific 
weather events, such as convective activity that leads to temperature 
inversions, may affect the way air pollution is dispersed. They recognize 
an important gap in understanding how natural disasters, such as 
tornados and hurricanes, may affect AQ. This information would help 
health care facilities better prepare for addressing any resulting health 
issues in the affected population. Accurate forecasts, which take into 
account weather data such as convective activity and precipitation, may 
help health care facilities (and their patients) plan appropriately for 
events that may trigger acute respiratory events. Health care facilities 
may be investing in means to anticipate health care demand from 
environmental factors in response to COVID-19. Health care 
administrators may adopt these data products in the next 5 years. 

End UsersIntermediaries

Health Care Providers 

User Communities
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ά²Ŝ ǎǳƎƎŜǎǘ ǘƘŀǘ ǇŀǘƛŜƴǘǎ ǿƛǘƘ 

asthma, COPD, [and] other 

respiratory issues monitor their 

ƘŜŀƭǘƘ ǿƛǘƘ ŀƴ ŀƛǊ ǉǳŀƭƛǘȅ ŀǇǇΦέ 

τFamily Physician, Lead of 

Respiratory Health Foundation

What are their technical needs?

These users need real-time and forecast models to help them 
understand convective activity that may lead to temperature or 
atmospheric inversions. Forecasts of 2 to 7 days out would be helpful, 
especially in circumstances such as natural disasters. They require high 
spatial resolution less than 250 m and near real-time capture. Latency 
needs depend on whether a real-time AQ event is occurring. For 
example, when wildfire smoke comes through an area, data within the 
hour would be ideal. They want improved understanding of particulate 
type and amount of that certain particulate, including PM

2.5
, dust, 

wildfire smoke, pollen, and especially PM 1, where there is a current 
gap. Global coverage of data, especially in rural areas where agricultural 
pollution is a growing challenge and health risk, is also a need.

What would motivate them to use NASA EO data?

They would be motivated by having data that are incorporated into a 
gridded, easy-to-interpret platform (such as a digital health platform). 

What are their adoption barriers for using NASA EO data? 

These users are more apt to use ground-based sensor networks, even 
though they are limited, because they offer readily available and 
ingestible products. Health care providers typically leverage freely 
available or low-cost data sources. Health care facilityςwide use of data 
products is yet to happen. Although research has linked air pollution 
with health care costs, users must demonstrate that implementation 
reduces hospital admissions, ER visits, and health care costs. 

What are they afraid of? 

Health care providers fear a lack of adoption of tools to manage 
respiratory diseases, which ultimately puts some patients at risk for 
acute respiratory events. Although some individuals are early adopters 
of technology, some do not want to try new data sources to manage 
ǘƘŜƛǊ ǎȅƳǇǘƻƳǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ Ŏƻǎǘ ōŀǊǊƛŜǊǎ Ƴŀȅ ƭƛƳƛǘ ǇǊƻǾƛŘŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ 
bring data products to patients. They may also fear current research 
gaps that limit their ability to readily use detailed AQ data.

What do they NOT care about?

These users do not care about resolution as much as patients and 
caretakers managing respiratory diseasesτaccurate observations of 
ǇŀǊǘƛŎƭŜ ǘȅǇŜǎ ŀƴŘ ŀ ǇŀǘƛŜƴǘΩǎ ŜȄǇƻǎǳǊŜ ŀǊŜ ƳƻǊŜ ƛƴǘŜǊŜǎǘƛƴƎΦ

What are some key use cases?

Å Individual and cohort monitoring

ÅClinical decision support

Health Care Providers 

ά/ƻƳōƛƴŜŘ Řŀǘŀ ƻƴ ǿŜŀǘƘŜǊΣ ŀƛǊ 
quality, and pollen could provide 
patients with data about high-
risk periods.This type of data 
could be used by health care 
facilities like urgent care and 
emergency departments so they 
might be ready for an increase in 
ǾƛǎƛǘǎΦέ

τFamily Physician, Lead of 
Respiratory Health Foundation

ά²Ŝ ƴŜŜŘ ōŜǘǘŜǊ ƭƛƴƪǎ ǘƻ ŀƛǊ 

quality and health. Satellite data 

with global coverage would be 

readily used for health 

ŀǇǇƭƛŎŀǘƛƻƴǎΦέ 

τClinical Researcher, Large 

University Healthcare System

User Communities
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Data scientists leverage AQ with additional 
environmental factors to create health-
related insights. 

Data Scientist for 
Outdoor AQ Platform

User Community:

Health and Pollution

Who are they?

These companies are working to 
create AQ data sets that can help 
end users in a variety of industries, 
including health, make informed 
decisions. These individuals often 
have a background in geospatial or 
satellite-based systems and 
experience in integrating and 
modeling data. 

Who do they work for?

These companies may create 
products for (1) individuals to 
monitor their own health, (2) 
clinicians and public health 
professionals to understand, 
address, and potentially mitigate 
pollution exposure, and (3) health 
careςrelated companies that may be 
interested in understanding unmet 
needs or health outcomes in certain 
areas. These users aggregate and 
create insights from these data. 

What decisions are they making (and how) today? 

These users incorporate multiple sources of data to help their 
customers create a link between AQ, additional environmental factors, 
and health outcomes. This information could help identify hot spots of 
poor AQ and unmet health care needs, help establish the relationships 
between AQ and specific health conditions or therapies (such as rescue 
inhaler use), and help users understand when to expect specific types of 
air pollution.

These companies are often platform based and meant to work across 
multiple industries, creating insights from multiple data sets. Many rely 
on ground-based satellite networks and use satellite-based data to help 
fill in the gaps missing in the sensor network. Modeling experts have 
mentioned use of MODIS, Deep Blue models, MISR, VIIRS, OMI, and 
TROPOMIand are ultimately looking to use data from the upcoming 
Tropospheric Emissions: Monitoring Pollution (TEMPO) mission, GIS 
Climate Model, and Planet Lab data.

Do they have experience with EO data? 

Many are sophisticated users and can interpret and integrate satellite 
and nonsatellite data into their own models. Although they prefer data 
with some preprocessing steps, they can employ lower level data.

What do they care about? 

These users value integration and colocation of data with other satellite 
data (weather data, light pollution data) and ground-based 
measurements such as wearables, phone accelerometers, and ground-
based sensors over a time series. A large gap in satellite-based AQ data 
is the current inability of the air column data to directly correlate to 
surface-based PM

2.5 
data; a satellite-based resource with global 

coverage could help address gaps in areas without ground-based data. 
These users would like high spatiotemporal data as well: users would 
ideally like to pull real-time air pollution data from anywhere around the 
world. Despite needing high temporal resolution, many users request 
data in specific locations over long time records, which helps create 
models and understand linkages between certain factors. 

These users also care about data that are easy to find, pull, and 
incorporate into their existing platforms. Many companies are looking to 
incorporate ozone data and methane detection data.

End UsersIntermediaries

Data Scientist in 
Company That Monitors 

Outdoor AQ 

User Communities



91

What are their technical needs?

They can accept weekly or even monthly data product updates at a 
spatial resolution of 250 m or less (ideally 50 to 100 m) and subhourly 
temporal resolution.

They need improved methods to distinguish between particulates, for 
example, incorporating a broader spectral range, from ultraviolet to 
infrared, and multiangle capabilities to better characterize aerosols. 

These users need both short-term data observations and long, 
consistent data record (20 years) to help them link environmental 
exposure to health effects.

They need to incorporate weather data into forecast modeling.

They require cleaned, validated data sets with some preprocessing steps 
available predownload. 

They need API calls that can handle high demand and incorporation of 
an ARC GIS layer to save time when pulling these data into their 
platforms. 

What would motivate them to use NASA EO data?

They need data that are easy to incorporate into their platforms.

What are their adoption barriers for using NASA EO data? 

Lack of surface-based PM
2.5 

data limits the value of satellite-based data. 
Ground-based sensors, though limited in coverage, offer near real-time 
data sets at surface level. 

What are they afraid of? 

These companies often incorporate large data sets, so importing, 
cleaning, and ensuring quality and continuity of these data sets can be 
time consuming. Users are more inclined to adopt data sets that are 
already cleaned and validated. 

What do they NOT care about?

Aerosol optical depth of the column are not a concernτsurface-based 
measurements are more important. 

What are some key use cases?

Å Individual or cohort monitoring 

ÅEnvironmental monitoring

Data Scientist in 
Company That Monitors 

Outdoor AQ 

άThere is currently no industry 

standard for data architecture. 

Lip service to fusionτbeing 

able to fuse terrestrial with 

spaceτbased data. There are 

lots of sources of sensors, but a 

lack of leadership to integrate 

disparate sources. We need to 

do this before fusing aerosol 

Řŀǘŀ ǿƛǘƘ ƘŜŀƭǘƘ ŜŦŦŜŎǘǎΦέ

τCEO, Air Quality 

Insights Platform Company 

άLƳǇǊƻǾŜŘ Řŀǘŀ ƻƴ ŀƛǊ 

pollution, weather, pollen, and 

wildfire exposure would help us 

do research and develop 

support mechanisms (such as 

education, app features, 

exacerbation prediction models, 

alert notification systems for 

higher risk periods) for people 

with respiratory and sleep 

conditions. We typically 

examine PM
2.5

, NO2, SO2, O3, 

precipitation, visibility, 

temperature, wind and wind 

direction, and pressure.έ

τVP of Science and Research, 

Digital Health Platform Company

User Communities
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ACCP User Community Profiles

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

Data-Driven Agriculture

Food Companies Operating in Tropical Areas

Health and Short-Term Air Quality Monitoring

Solar Energy

User Communities
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Community Overview

Solar energy is finally having its moment. After a decades-long introductory period, the U.S. solar energy 
industry is now experiencing rapid growth and adoption. Fueled by falling prices, low interest rates, 
regulatory incentives, and increased desire to invest in alternative energy sources, solar energy capacity in 
the United States has exploded from 2.6 gigawatts in 2010 to 97 gigawatts in 2020.1,2 By 2030, U.S. capacity 
is expected to quadruple to 400 gigawatts. Since 2010, over $1.5 trillion has been invested worldwide in solar 
technologies.3 Energy utility companies are diversifying their energy production options by investing in solar 
power generation plant installations. Other companies are also investing in solar plants to place on their 
property and provide off-grid alternative energy sources, making them less dependent on fossil fuel sources 
from utilities. Still others are taking a more entrepreneurial approach, building solar plants and contracting 
with utility companies and others to deliver alternative energy to the power grid. 

Moving Forward with ACCP 
As utility companies expand the use of alternative energy sources such as solar, they need to have an 
accurate understanding of local conditions and their impacts on power generation. Similarly, the need 
increases to accurately predict power generation forecasts. Without this fundamental data, utility companies 
and plant operators risk overestimating the mix of solar power in their daily power generation plan. 

¦ǎŜǊǎ ƛƴ ǘƘƛǎ ŎƻƳƳǳƴƛǘȅ ŜȄǇǊŜǎǎŜŘ ŀ ƘƛƎƘ ƭŜǾŜƭ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ b!{!Ωǎ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ Řŀǘŀ ǇǊƻŘǳŎǘǎΦ ¢ƘŜȅ 
seek a better understanding of the factors that affect irradiance levels at the solar panel surface, including 
cloud cover and its impact on shading, aerosol concentration and types, distribution in the vertical column, 
and deposition rates at the surface. Greater understanding of precipitation will help improve understanding 
of soiling conditions on the solar panels and provide information for determining optimal maintenance 
schedules for cleaning the panels. Models and forecasts can be enhanced using a combination of satellite-
and ground-based sensing, and near real-time data from upcoming satellite observations and models could 
perhaps replace the need for expensive weather stations.

b!{!Ωǎ Řŀǘŀ ǇǊƻŘǳŎǘǎΣ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƛƴǘŜǊǇǊŜǘ 9h Řŀǘŀ ƛƴ !v ŀƴŘ ǿŜŀǘƘŜǊ ǇƘŜƴƻƳŜƴŀΣ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƘŜƭǇ 
this community integrate satellite- and ground-based data could have a tremendous influence on the long-
term impact that solar energy delivers in the United States and beyond. 

1. Solar Energy Industry Association. (2021, March 16). Solar market insight report, 2020 year in review. https://www.seia.org/research-resources/solar-market-
insight-report-2020-year-review 

2. Historical data from SEIA:  https://www.seia.org/solar-industry-research-data 
3. Investments 2010ς2019, data from Statista: https://www.statista.com/statistics/186823/global-investment-in-solar-technology-since-2004/

Selected User Profiles for ACCP

Solar Power Service 
Providers

Solar Power Plant Operators

Potential Use Cases for ACCP Data Products

Solar site development and financing 

Solar power plant operation and optimization

UsersIntermediaries

Solar Energy

User Communities
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Organizational Assessment

The solar industry value chain comprises hardware and software manufacturers, service providers, financiers, 
and a variety of users. The hardware required for a solar installation includes solar panels; inverters to collect 
and distribute the energy; wiring; stationary or pivoting panel stands; and, in the case of larger plants, 
ground-based weather stations placed around the plant. Solar-specific software products are used to model 
and predict power generation, given current and forecast weather conditions, and to troubleshoot 
performance issues when actual power output is less than predicted. 

This industry includes several types of participants and users, downstream of hardware and software 
manufacturing. Site developersseek out optimal site locations for solar power plants, then build a business 
case and seek funding, sometimes in the tens or hundreds of millions of dollars, to build the plant. Their 
ability to secure large amounts of funding relies primarily on historical and forecasted solar irradiance levels 
at that specific location. Solar service providersdevelop the models and tools used by site developers and 
operators in this industry, and they are eager to access improved data products that will enhance their 
models and lead to better predictions of energy output. Solar plant operatorscomprise energy utility 
companies, companies in other industries that opt to install a solar plant on their property, independent 
owners that sell their power output, and third-party operators who are hired to manage solar plants for 
others. All these operator types rely on software products and data from on-site weather stations to optimize 
operation of the plant. Solar plant operation is largely done remotely, where multiple solar plants are 
ƻǇŜǊŀǘŜŘ ŦǊƻƳ ŀ ŎŜƴǘǊŀƭ ŎƻƳƳŀƴŘ ŎŜƴǘŜǊΦ Lǘ ƛǎ ƭŀǊƎŜƭȅ ŀ άƘŀƴŘǎ-ƻŦŦέ ƻǇŜǊŀǘƛƻƴΦ tƭŀƴǘǎ ŀǊŜ ǊŀǊŜƭȅ ǾƛǎƛǘŜŘ ƛƴ 
person. In-person visits occur either as a routine check or as a last resort when remote troubleshooting fails. 

Users in this community make several types of decisions every day, each of them based primarily on weather 
and aerosol data. Examples include the following:

¶When should we turn on the solar plant? How soon will the available irradiance reach our minimum 
threshold?

¶What is the forecasted power output today, tomorrow? 

¶How much energy will we be able to produce to sell or consume?

When actual output is lower than predicted, even by 1%, this causes a great deal of concern. Lost revenue 
and potential penalty payments loom for plant operators. They ask questions such as the following: Why is 
our output lower? Is it a hardware performance issue? Is something external blocking our panels? Is 
something wrong in our models? How soon can we resolve it? 

Solar Energy

User Communities
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Organizational Assessment (continued) 

Solar energy production is entirely dependent on the available solar irradiance at any given plant at any given 
moment. Understanding the weather, aerosol loading, and cloudiness that will limit or reduce that solar 
irradiance is of extreme importance to members of this community. Thus, these users have a high level of 
familiarity with EO data, a high level of confidence in and familiarity with NASA data products, and abundant 
interest in collaborating with NASA in the future. The organizations interviewed in this project are interested 
in collaborating with NASA to apply improved data products to new models and forecasts. NASA is perceived 
in this community as a valuable, trusted partner. New and better data and data products that can improve 
prediction of weather and AQ conditions at specific plants could have a significant positive effect on this 
community. Better data products can improve predicted and actual power output from solar plants, 
effectively reducing the amount of unsustainable power generation required to satisfy electricity demand. 

Solar Energy

Data Intermediaries Users

Data for decision-making in this 

community come from satellite- and 

ground-based sources. Historical 

irradiance data generally come from 

geostationary sources satellite data 

ǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ bh!!Ωǎ Dh9{ ŀƴŘ 

similar missions operated by other 

countries (e.g., EUMETSAT, Japan 

Meteorological Agency). Real-time 

irradiance, temperature, windspeed, 

and relative humidity conditions at a 

solar plant are monitored via weather 

stations placed at the plant. 

Solar service providers develop the 
models and tools used by site 
developers and operators in this 
industry. They are actively developing 
improvements to models and 
forecasts. They are eager to access any 
data products that will improve their 
models and lead to better predictions 
of energy output.

Solar plant operators include energy 
utility companies, companies in other 
industries that opt to install a solar 
plant on their property, independent 
owners that sell their power output, 
and third-party operators that are 
hired to manage solar plants for 
others. These end users rely on 
software products from intermediaries 
and data from on-site weather stations 
to optimize operation of their plants.

User Communities
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Technical Assessment

Users in the solar power community have an appreciation for, if not firsthand experience with, EO data. 
Weather and aerosol data from satellite sources are seen as a potential answer to many of the technical 
challenges facing this community. TƘŜ ǎƻƭŀǊ ǇƻǿŜǊ ŎƻƳƳǳƴƛǘȅ ŀƴǘƛŎƛǇŀǘŜǎ ǘƘŀǘ b!{!Ωǎ tƻw ŀƴŘ ǳǇŎƻƳƛƴƎ 
ACCP observations will provide high-fidelity data to satisfy their needs. This community uses models 
incorporating historical and forecast irradiance data to select sites and secure financing to build a solar 
power generation plant. Mean annual irradiance at a location is one of, if not, the most important variable in 
determining the financial feasibility of siting a new solar plant. 

Once a solar plant is built, ground-based weather and AQ data are the primary sources of input for daily, 
even hourly, operational decision-making. Most solar power generation plants have one or more expensive 
weather stations set up on site to provide ground-based sensing of weather and AQ conditions. The 
phenomena most influential on solar panel performance are irradiation, ambient temperature, windspeed, 
and relative humidity. In addition, rainfall sensors on site are used to estimate soiling conditions on the 
panels to determine when manual cleaning is necessary and to create maintenance schedules for the plant. 
Solar plant operators rely on these data for forecasting projected power generation on a daily and hourly 
basis. When actual power generation falls below the projected amount, these same data are used to 
troubleshoot the system and determine where and why performance is lacking. 

Given the rapid expansion of solar power generation and the projected expansion in the near future, it is not 
surprising that users in this community have a high level of interest in more accurate and reliable data to use 
in selecting sites and operating plants and optimizing their energy production. Users in this community 
ŜȄǇǊŜǎǎŜŘ ŀ ƘƛƎƘ ƭŜǾŜƭ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ b!{!Ωǎ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ Řŀǘŀ ǇǊƻŘǳŎǘǎΦ ¢ƘŜȅ ǎŜŜƪ ŀ ōŜǘǘŜǊ 
understanding of all the contributors that affect irradiance levels at the solar panel surface, including various 
aerosol types and size distribution as well as cloud cover and its available irradiance. In addition, a greater 
understanding of precipitation (rainfall, snowfall, snowpack) can help improve understanding of soiling 
conditions on the solar panels. Models and forecasts could be enhanced using a combination of satellite- and 
ground-based sensing, and perhaps expensive weather stations could be replaced. Users expressed a desire 
for data with high spatial resolution (on the order of 1 km or less) so they can evaluate conditions at specific 
plants. If satellite-based data are to be used for real-time and short-term power forecasts, subhourly 
temporal resolution (ideally a 1-minute or 5-minute interval, delivered at 5-minute latency) is essential to 
understand irradiance and performance issues in a timely manner. 

Users are interested in collaborating with NASA on developments to ground-truth satellite data and provide 
greater confidence in satellite data. Users in this community expressed a desire to easily access a variety of 
satellite data from different sources via API, streaming services, or standard formats, such as NetCDF or 
GRIB2. 

Solar Energy

User Communities
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Technical Assessment (continued)

This community has a simultaneous need for long-term data for trend analyses and real-time data for global 
model forecasts for solar plants across the world. Examples of needs are summarized here and expanded on 
ƛƴ ǘƘŜ ά¦ǎŜ /ŀǎŜέ ǎŜŎǘƛƻƴΦ 

Solar site development and financingτTo secure financing to build a new solar power generation plant, 
historical irradiance data for the specific location are assessed. These data are converted to a future 
projection of irradiance that can be converted into power generation. Upwards of hundreds of millions of 
dollars are secured in financing based on these data. 

Solar plant operation and optimizationτOnce a solar power generation plant is built, a deep understanding 
of the weather and aerosol conditions (vertical distribution, type, size distribution) at that plant are of high 
ƛƴǘŜǊŜǎǘ ǘƻ ǘƘŜ ǇƭŀƴǘΩǎ ƻǿƴŜǊΣ ǘƘŜ όƳƻǎǘ ƭƛƪŜƭȅ ǊŜƳƻǘŜύ ǇƭŀƴǘΩǎ ƻǇŜǊŀǘƻǊΣ ŀƴŘ ǘƘŜ ǳǘƛƭƛǘȅ ŎƻƳǇŀƴȅ όƻǊ ƻǘƘŜǊ 
downstream customer) that expects to receive the power generated from the plant. Plant operators and 
service providers use complex models to understand real-time conditions and long-term forecasts and derive 
projections for power generation based on weather and aerosol conditions. As one interviewee stated: 
ά¦ƴƭƛƪŜ ƻǘƘŜǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƳŜǘƘƻŘǎΣ ǿŜ ƪƴƻǿ ǿƘŜǊŜ ŦǳŜƭ ƛǎ ŎƻƳƛƴƎ ŦǊƻƳΣ ōǳǘ ǿŜ ŎŀƴΩǘ ŎƻƴǘǊƻƭ ǘƘŜ ŦǳŜƭ 
or buy more of it. We are reliant on data to make predictions on how much fuel will be available and what 
ǘȅǇŜ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ǎƘƻǳƭŘ ōŜ ŜȄǇŜŎǘŜŘΦέ

Solar Energy

User Communities
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Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future 
decision-making capabilities. Two examples of use cases within this community are as follows:

ÅSolar site development and financing

ÅSolar site operational optimization 

Solar site developers rely on historical irradiance data to select sites, estimate future revenue, 
develop a business case, and secure financing. 

The rapid expansion of solar power generation plants has been fueled by lower hardware costs, improved panel performance, regulatory 
incentives, and low interest rates. The ability to secure tens to hundreds of millions of dollars in funding to build these plants is completely 
dependent on irradiance data, both historical and forecast. For historical data, typically a 20-year historical record of irradiance at the specific site 
is used. Historical data come from a variety of satellite data sources, including GOES (NOAA), Meteosat (the European Organization for the 
Exploitation of Meteorological Satellites [EUMETSAT]), and Himawari (Japan Meteorological Agency).

Long-term projections are built from historical data as well (e.g., using climatological data to project future irradiance levels). Those levels are 
converted to an estimate of gigawatt-hours of potential energy production per year, which is then converted to a revenue forecast. That revenue 
forecast provides the basis for calculating a return on investment and securing financing for construction of the plant. 

Users in this community expressed a need for simpler and more expansive access to historical data. Specific geophysical variables of interest from 
a historical perspective, in addition to irradiance, include temperature, rainfall, and snow depth at the specific site of potential solar power 
generation plant. Further, these data are desired at a spatial resolution of 1 km or less to align with the footprint of a specific solar site and 
increase the accuracy of the data related to that particular site. 

Solar Energy

Solar plant operators are seeking ways to integrate satellite- and ground-based sensor data to 
optimize operation of specific plants. 

For every solar power generation plant, there is an operator organization closely monitoring the plant in real time, most of which is done remotely. 
Plant operators are continuously looking for anomalies where actual power production performance diverges from the forecast. Some plant 
operator companies manage and monitor on the order of 1,000 solar plants. The continuous monitoring and desire for high accuracyare driven by 
concerns for lost power production and revenue. At some large solar plants, one percentage point of error in forecast accuracy correlates to 
millions of dollars in lost revenue and the potential for penalty payments for underdelivering expected power. Thus, users inthis community have 
a strong interest in improving the accuracy of weather and aerosol forecasting and for gathering the best data available to understand and 
interpret real-time conditions. Users in this community currently rely on ground-based sensors for local conditions on irradiance, temperature, 
windspeed, and relative humidity. Typically, these data come from one or more expensive weather stations located on site at the solar plant. Users 
in this community have a strong interest in determining how satellite data could complement, perhaps even replace, ground-based sensors, 
leading to improved accuracy in real-time observation and forecasting of weather and aerosol conditions. In addition to weather (precipitation, 
cloudiness), these users have an increasing awareness and desire to better understand aerosol conditions (vertical distribution, type, particle size 
distributions). Unequivocal evidence indicates that aerosols affect the performance of solar plants both by blocking irradiance and soiling the 
plates. Users in this community would like data that: 

Å Increases accuracy in near real-time or subhourly observations of irradiance, cloud optical depth, aerosol optical depth (AOD), and particle size 
and type, leading to a better understanding of the actual irradiance reaching the solar panel

Å Better predicts intermittent cloudiness over specific solar plants

Å Brings understanding of when the conditions are right for generating solar power (e.g., how early in the morning to turn on inverters)

Å Brings insight on soiling conditions at the panel: dust, other particles, aerosol type and size distribution, and snowpack are very localized 
conditions that affect panel soiling

Å Enables access to more accurate, localized information that helps offset the costs of expensive on-ground weather stations

Å Provides better longer range forecasts for precipitation 

Having these types of data made available more frequently (subhourly, down to a 1-minute or 5-minute interval) and at a higher spatial resolution 
(less than 1 km) would improve real-time and forecasting models, ultimately improving the ability to predict and deliver solar power. 

User Communities
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Solar energy service providers are active 
users of EO data, skilled at converting it to 
high value-added models and forecasts for 
solar power sites.

Solar Energy Service 
Providers 

User Community:

Solar Energy

Who are they?

Solar energy service providers 
develop value-added models and 
forecasts of solar irradiance, which 
are used to develop and operate 
solar power generation plants. The 
results are essential for securing 
financing for new solar sites and for 
operating plants and optimizing their 
energy production. 

Who do they work for?

They sell their data products to site 
developers, plant operators, utility 
companies, and investors who want 
to establish or optimize operation of 
a solar plant.

What decisions are they making (and how) today? 

Solar energy providers use data to help them answer the following 
questions: 

How can we improve our models? Where are there more accurate and 
reliable data sources? 

How might we combine satellite- and ground-based data sources for 
improved accuracy and confidence levels? 

Do they have experience with EO data?

Solar energy service providers regularly use EO data, such as AOD, to 
develop and enhance solar irradiance models and forecasts. 

What do they care about? 

These users need more data on aerosols, their vertical distributions and 
particle size distributions, and their impact on irradiance. They want a 
better understanding of suspended particles and their deposition rates, 
snowfall and snowpack, precipitation forecasts, and cloud cover. Each of 
these phenomena has an impact on solar irradiance and panel 
performance. 

These users need better quality data in regions outside of North 
America and Europe (e.g., Middle East and Northern Africa, China), 
where AQ is not as good and ground-based weather stations are sparse. 

These users want access to historical data (20 to 25 years) plus high 
confidence in long-term projections (forecasting ahead in similar time 
horizons).

End UsersIntermediaries

Solar Energy Service 
Providers 

User Communities
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ά{ŀǘŜƭƭƛǘŜ Řŀǘŀ ŀǊŜ ŀōǎƻƭǳǘŜƭȅ 

essential and by far the most 

important component of very 

short-term solar generation 

forecasts. Thank you for all you 

do to provide high quality and 

ǳǎŀōƭŜ ŘŀǘŀΦέ 

τGrid Solutions Engineer, Private 

Research Organization

What are their technical needs?

These users need improved spatial resolution (less than 1 km) to assess 
conditions at a specific solar site. They want improved temporal 
resolution and latency so that data can be used and decisions made in 
near real time. For example, some derived products from GOES data, 
such as AOD, are important, but because latency is low, the data are not 
used for real-time forecasts. Cloud cover and other atmospheric 
variables affect solar power generation performance at a subhourly 
rate; thus, data that can help predict and monitor conditions at a similar 
rate and resolution are desired. 

What would motivate them to use NASA EO data?

They already use NASA EO data. Users in this community have a high 
level of interest in collaborating with NASA, and some have collaborated 
with NASA in the past. 

What are their adoption barriers for using NASA EO data? 

They want easier access to data and the ability to access the data more 
quickly. They need common data formats to more easily integrate data 
from multiple sources.

What are they afraid of? 

These users fear losing access to, or having interruptions of, long 
historical records of irradiance data, which is essential for site 
evaluation models. 

What are some key use cases?

ÅSolar site development and financing 

ÅPlant operation and optimization

Solar Energy Service 
Providers 

User Communities
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Plant operators rely on models and local 
weather stations to optimize the operation 
of their solar plants.

Solar Plant Operators

User Community:

Solar Energy

Who are they?

Solar plant operators include energy 
utility companies, companies in 
other industries that opt to install a 
solar power generation plant on 
their property, independent owners 
that sell their power output, and 
third-party operators who are hired 
to manage solar plants for others.

Who do they work for?

Utility companies, site developers, 
and companies with solar panels 
installed on their property are 
seeking firms to manage and 
optimize operation of their solar 
plants.

What decisions are they making (and how) today?

Data helps solar power operators with load balancing and supply 
demand balancing among traditional and renewable power generation 
assets. This data also helps them understand: 

How much power can we generate from this plant today? How much 
power might we be able to generate based on a 3- to 5-day forecast? 

Iƻǿ ƳǳŎƘ ǇƻǿŜǊ ƛǎ ōŜƛƴƎ ƎŜƴŜǊŀǘŜŘ άōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊΣέ ƳŜŀƴƛƴƎ 
directly generated at a solar plant vs. pulling in from the grid?

Why is our actual production lower than forecast?

Why are our panels underperforming? Is there a technical issue? Is it a 
panel, inverter, tracker, or other hardware issue? 

Are the panels dirty? Should we send someone to clean them or wait for 
the next rainstorm or wait for snow to melt? 

Do they have experience with EO data? 

Given the dependency on solar irradiance for successful plant operation, 
most of these users are familiar with and appreciative of EO data.

What do they care about? 

These users need a better understanding of the actual irradiance 
reaching the solar panel and of when the conditions are right for 
generating solar power (e.g., how early in the morning to turn on 
inverters). They require better insight on soiling conditions at the panel: 
dust, other particles, aerosol size distribution, and snowpack are very 
localized conditions that affect panel soiling. Improvements in satellite 
data are needed to get more accurate localized information, which 
could help offset the costs of expensive on-ground weather stations. 
These users require better longer range forecasts for precipitation type 
and intensity. Bifacial (two-sided) solar panels are the newest 
technology being installed. Understanding albedo at the ground can 
help estimate upwelling irradiance that is able to reach the underside of 
the panel. 

End UsersIntermediaries

Solar Plant Operators

User Communities
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What are their technical needs?

These users need subhourly temporal resolution (ideally a 1-minute or 
5-minute interval, delivered at 5-minute latency) to help understand 
shading, intermittent cloud cover, and other irradiance and performance 
issues more quickly.

They also need improved spatial resolution for rainfall, snow depth, 
aerosol deposition, and cloud cover, which would allow plant-specific 
readings vs. averages across a large gridded area. Current gridded maps 
from NOAA are 10 km x 10 km, which is too big for accurate analyses. 

What would motivate them to use NASA EO data?

They would use NASA EO data if they could more easily access historical 
data (e.g., global horizontal irradiance, temperature, rainfall, snow 
depth) for any location with improved spatial resolution. They require 
proof that satellite data are more accurate or reliable than ground-
based weather station data. These stations are expensive, and many 
doubt the accuracy of their sensors, but to date they are the most 
common source of on-site weather information. 

What are their adoption barriers for using NASA EO data? 

Barriers include the lack of ease of access, global coverage, latency, and 
temporal resolution. They need the ability to use satellite data without 
massive computing power or data science expertise. They want to 
determine how to combine satellite- and ground-based data sets for a 
better understanding of local conditions.

What are they afraid of? 

This user community is concerned with load imbalance penalties 
because when actual power output is lower than predicted, solar plant 
operators can incur penalty payments for underdelivering. They are also 
concerned about the accuracy of long-range irradiance forecasts and 
forecasts based on historical performance. They wonder what will 
change that disrupts future performance. 

What are some key use cases?

ÅSolar site development and financing

ÅSolar site operation and optimization

Solar Plant Operators

ά²Ŝ ōƭƛƴŘƭȅ ǘǊǳǎǘ Řŀǘŀ ŦǊƻƳ 

weather stations. Accuracy 

always in doubt. The solar 

industry is relying on data that 

ŜǾŜǊȅƻƴŜ Ƙŀǎ Řƻǳōǘ ŀōƻǳǘΦέ

τHead of Analytics, Performance 

and Prediction, Solar Service 

Provider 
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User communities stated a variety of EO needs related 
to weather and AQ.

User 

Community
Aerosol  EO Needs CCP EO Needs

Commercial 

Aviation 

Å Vertically resolved aerosol data, with a 
focus on volcanic ash and smoke 

Å Incorporation of weather and aerosol 
data to improve modeling of ash and 
smoke plumes

Å Finer scale observations of precipitation intensity and improved 
forecasts of precipitation intensity and type

Å Understanding of convective activity that may lead to turbulence
Å Improved observations of cloud layers with vertical resolution

Major 

Logistics 

Carriers

Å Vertically resolved aerosol data, with a 
focus on volcanic ash and smoke 

Å Incorporation of weather and aerosol 
data to improve modeling of ash and 
smoke plumes

Å Accurate observed and forecasted precipitation, including type of 
precipitation (freezing drizzle, ice pellets, and hail)

Å Cloud ceilings and depths above 12,000 feet (14,000, 16,000, and 
22,000 feet)

Å UAVs: precipitation, convection, wind in lower atmosphere (300 to 
500 feet off the ground); accurate cloud ceiling readings in the 
lower atmosphere

Logistics Arms 

of Major 

Brands 

Å Surface-based PM2.5

Å Incorporation of weather and aerosol 
data to improve modeling of ash and 
smoke plumes

Å Accurate observation of precipitation and forecasted prediction of 
precipitation, especially large weather events 

Data-Driven 

Agriculture

Å Surface-based PM2.5, other particulates 
in future 

Å Carbon dioxide, methane, ozone

Å Accurate observations of precipitationτwhat has fallen and at 
what intensity

Å Conditions that may lead to temperature inversions, affecting 
product drift

Å Temperature, humidity, wind, leaf wetness 

Food 

Companies 

Operating in 

Tropical Areas

Å Improved observations of 
wind/aerosol relationship (e.g., 
Harmattan winds)

Å Precipitation, humidity, wind speed, temperature, and fog data 

Health and 
Short-Term 
Air Quality 
Monitoring

Å Improved characterization of aerosol 
typesτspecific interest in wildfire 
smoke 

Å Surface-based PM2.5 and other 
particulates

Å Understanding weather extremes such as convective activity and 
temperature inversions, which trap pollutants near the surface

Å Understanding of cloud-aerosol interactionsτhow precipitation, 
wind, and humidity affect deposition and dissemination of particles

Solar Energy
Å Aerosol particle type

Å Aerosol size distributions and vertical 
profile 

Å Accurate observed and forecasted precipitation (including 
precipitation type, snowpack)

Å Improved understanding of intermittent cloud cover

This table reflects the specific EO needs communicated by a representative selection of users within the 
ǎǇŜŎƛŦƛŜŘ ǳǎŜǊ ŎƻƳƳǳƴƛǘƛŜǎΣ ŀƴŘ ƛǘ ƛǎ ƳŜŀƴǘ ǘƻ ōŜ ŀƴ ƛƭƭǳǎǘǊŀǘƛǾŜΣ ƴƻǘ ŜȄƘŀǳǎǘƛǾŜΣ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƴŜŜŘǎΦ w¢LΩǎ 
interviews revealed that most user communities profiled actively incorporate CCP data (both satellite- and 
ground-based sources). Only the aviation, major logistics carriers, health and pollution, and solar energy 
communities actively apply satellite- or ground-based aerosol and AQ data for decision-making, but other 
communities demonstrated an interest in future data use for monitoring crops and managing the safety of 
employees who may be exposed to unhealthy AQ conditions. 

Analysis
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Certain geophysical variables and observations have 
the potential to affect multiple user communities. 

Observation/ 

Phenomena
Use Case 

User 

Community
Needs Better Data Enable

Precipitation 

Effective application of 
agricultural inputs; mitigation of 
pest and plant disease; site 
similarity analysis 

Data-Driven 
Agriculture 

Type and intensity of 
precipitation 

Informed agricultural practices and, 
ultimately, improved yields

Monitoring global weather 
trends; monitoring micro weather 
trends

Food Companies 
Operating in 

Tropical Areas

Type and intensity of 
precipitation,snowpack 

Informed assessment of crop yield and 
risks, insights to forecast quality and 
pricing of goods 

International flight planning; fog 
forecasting; safe flying conditions 
for UAVs

Commercial 
Aviation

Major Logistics 
Carriers

Type of precipitation Safer takeoff and landing, route planning

Plant operation and optimization Solar Energy
Type and intensity of 
precipitation,snowpack 

More accurate assessment of solar panel 
soiling conditions and associated 
performance loss, when to manually clean 
panels 

Allocating resources for business 
continuity

Logistics Arms of 
Major Brands

Higher resolution, type 
of precipitation

More accurate knowledge of facilities 
affected by flooding and storms

Temperature 
Inversions

Effective application of farm 
inputs (fertilizers, pesticides)

Data-Driven 
Agriculture 

Identification of 
temperature, wind, and 
convection properties 
that lead to inversions

Safer and more efficient use of strong 
agrochemicals 

Individual and cohort monitoring, 
clinical decision support, 
environmental monitoring 

Health and 
Short-Term Air 

Quality 
Monitoring

Identification of 
temperature, wind, and 
convection properties 
that lead to inversions

Better understanding of particulate 
exposure and dissemination 

Monitoring micro weather trends
Food Companies 

Operating in 
Tropical Areas

Surface temperatures
Understanding and reaction to conditions 
that may lead to cooler surface 
temperature

Interviews and focus groups across seven communities led to expression of common data needs for both 
aerosols and CCP observations. The tables spanning the next several pages describe several geophysical 
variables and observations that provide value to multiple communities. Potential data products related to 
these observations have the potential to deliver wide-ranging impacts across the communities explored. 

hōǎŜǊǾŜŘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ όƛƴŎƭǳŘƛƴƎ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ǘȅǇŜύ Ŏŀƴ ƛƴŎǊŜŀǎŜ b!{!Ωǎ ƛƳǇŀŎǘ ƛƴ ŀƭƳƻǎǘ ŀƭƭ !//t ǳǎŜǊ 
communities explored. In addition, users in the data-driven agriculture, food and beverage, and health and 
pollution communities specifically mentioned a desire to better understand and forecast conditions that may 
lead to temperature inversions. Temperature or atmospheric inversions are a specific weather phenomenon 
where a mass of cooler air gets trapped under a layer of warmer air. This weather phenomenon may lead to 
trapping of aerosols including pesticides, herbicides, and PM. Improving weather and AQ modeling of the 
conditions that lead to temperature inversions and the associated development of fog or trapping of 
pollutants can help a wide range of users make decisions relevant to spray coverage or particulate exposure.
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Aviation and logistics communities value improved 
data on low clouds, convective activity, and wind to 
understand impacts on operations. 

Observation/ 

Phenomena
Use Case User Community Needs Better Data Enable

Low Clouds

Forecasting fog 
Commercial Aviation

Major Logistics Carriers

Data on cloud layers above 12 k 
feet (14, 16, 22 k feet)

More accurate prediction of 
fog burn-off times; fewer 
delays; safer takeoffs and 
landings

Determining safe flying conditions 
for UAVs

Commercial Aviation

Major Logistics Carriers

Accurate cloud ceiling 
information

Ability for UAV operators to 
fly 500 feet below the cloud 
ceiling (per FAA regulations)

Site similarity analysis of crops Data-driven Agriculture
Observed and forecasted cloud 
cover

Improved understanding of 
potential impacts to 
photosynthetic activity

Solar site operational optimization Solar Energy
Observed and forecasted cloud 
cover

Improved understanding of 
factors impacting solar 
irradiance at the solar panel 
surface

Improved 
Convective Storm 

Systems 

Mitigating turbulence; Executing 
international flights across oceans 

Commercial Aviation

Major Logistics Carriers

Vertical information about and 
improved forecasts of 
convective hazards

Safer and more comfortable 
flights; reduced disruption to 
flight schedules; reduced 
congestion in airspace; 
reduced waste of jet fuel 

Determining safe flying conditions 
for UAVs; Urban air mobility models

Commercial Aviation

Major Logistics Carriers

Data on convective activity 
happening in lower atmosphere

Safe and informed operation 
of UAVs and VTOL air taxis

Allocating resources for business 
continuity; Identifying disruptions in 
supply chains: Monitoring global 
weather conditions

Logistics Arms of 
Major Brands 

Improved forecasts of severe 
weather

More efficient use of 
resources and mitigation 
practices

Mitigation of plant pests and diseaseData-driven Agriculture

High-resolution data on 
damaging storms (like 
hailstorms) that may damage 
crops

Ability for growers to 
proactively protect their 
crops, or harvest their crops 
early

Wind

Mitigating turbulence; Executing 
international flights across oceans 

Commercial Aviation

Major Logistics Carriers

Speed and direction of surface 
winds and winds at multiple 
altitudes 

Avoidance of wind shear; safe 
ground operations and parcel 
unloading

Determining safe flying conditions 
for UAVs; Urban air mobility models

Commercial Aviation

Major Logistics Carriers

Surface winds and winds in the 
lower atmosphere

Safe and informed operation 
of UAVs and VTOL air taxis 
(wind may cause battery drain 
on small craft) 

Monitoring microclimate conditions; 
Effective application of crop inputs; 
Pest and disease mitigation

Food Companies 
Operating in 

Tropical Areas

Data-Driven Agriculture 

Speed and direction of surface 
winds 

Cost-effective input 
application; improved 
planning for harvesting and 
drying conditions

Aviation and air-ōŀǎŜŘ ƭƻƎƛǎǘƛŎǎ ǳǎŜǊǎ ǾŀƭǳŜ άо5 ŎƭƻǳŘ ŘŀǘŀΣέ ŜǎǇŜŎƛŀƭƭȅ ǾŜǊǘƛŎŀƭƭȅ ǊŜǎƻƭǾŜŘ Řŀǘŀ ǘƘŀǘ ƛƴŦƻǊƳǎ 
them of conditions at multiple altitudes. Convective and wind data may also enable surface-based 
measurements that help these communities react to potentially damaging storms for both flight and ground-
based operations. As shown in the table below, the impacts of these improvements extend from improved 
on-time flight departures to safer, more comfortable airline travel for transoceanic passengers to enabling 
new modes of transportation and logistics, such as UAV deliveries and VTOL air taxis. 
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Users need to know what types of aerosols are in a 
specific column of air, as well as vertical distribution. 

Observation/ 

Phenomena
Use Case User Community Needs Better Data Enable

Aerosol Types

Individual and cohort 
monitoring; Clinical 
decision support; 
Environmental 
monitoring

Health and Short-Term 
Air Quality Monitoring

Global coverage; high 
spatiotemporal resolution; 
characterization of pollen, 
dust, and ultrafine particles 

Understanding of health 
outcomes as a result of 
exposure; improved patient 
care 

Solar plant operation 
and optimization 

Solar Energy 

Deeper understanding of 
how aerosol types, sizes, 
and distribution impact 
solar irradiation at the 
panel surface

Improved models for more 
accurate power generation 
forecasts and real-time 
monitoring of performance

Monitoring crop quality 
through AQ 

Data-Driven Agriculture 

Global coverage of 
agricultural areas, 
especially coverage in 
tropical areas 

Enhanced ability to react to 
AQ events that might impact 
crop health

Volcanic ash and wildfire 
smoke detection

Commercial Aviation

Major Logistics Carriers
Interest in smoke and 
volcanic ash, vertical 
resolution

Awareness of what aerosols 
may impact a flight path 

Vertical Resolution of 
Aerosols (Including 

Surface PM2.5)

Volcanic ash and wildfire 
smoke detection 

Commercial Aviation

Major Logistics Carriers

Improved accuracy in 
modeling of ash plumes; 
ash and smoke 
concentrations

Fewer flight cancellations and 
disruptions due to volcanic 
and wildfire activity; reduced 
risk of damage to aircraft 
engines

Individual and cohort 
monitoring; Clinical 
decision support; 
Environmental 
monitoring

Health and Short-Term 
Air Quality Monitoring

Lack of surface-based PM2.5

coverage (current solutions 
include ground-based 
monitor networks, inferring 
from satellite using 
atmospheric models)

Improved understanding of 
ŀƴ ƛƴŘƛǾƛŘǳŀƭ ƻǊ ǇƻǇǳƭŀǘƛƻƴΩǎ 
exposure to aerosols

Solar plant operation 
and optimization 

Solar Energy 

Deeper understanding of 
how aerosol types, sizes, 
distribution impact solar 
irradiance at the panel 
surface

Improved models for more 
accurate power generation 
forecasts and real-time 
monitoring of performance

Allocating resources for 
business continuity

Logistics Arms of Major 
Brands

Surface-based PM2.5 and 
other particulates

Ability to limit ground-based 
transportation and dock 
activities during AQ crises

Use for aerosol data across user communities has been driven in part by pollution and more frequent 
disasters, such as wildfires. Though not current users of this data, the data-driven agriculture and logistics 
arms of majorbrands communities both expressed needs to better understand and eventually incorporate 
aerosol data to mitigate impacts of pollution. Improved abilities to characterize these particles will inform 
response to particulate exposure; multiple users demonstrated special interest in ultrafine particles, wildfire 
smoke, and other particles. Many users need measurements of this data at specific altitudes, often surface 
based (e.g., where people, crops, and solar panels are located) but also to understand the height of smoke 
and volcanic ash plumes. 
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Colocation of ACCP data may provide a significant 
impact to AQ forecasting.

Observation/ 

Phenomena
Use Case User Community Needs Better Data Enable

Colocated Aerosol 
and Weather Data

Individual health monitoring
Health and Short-Term 
Air Quality Monitoring

Forecasting capabilities: 
When to expect surface-layer 
aerosols (like wildfire smoke)

Avoidance of potentially 
harmful particulate exposure, 
reduced health care costs

Allocating resources for 
business continuity 

Logistics Arms of Major 
Brands 

Forecasting capabilities: 
When to expect surface-layer 
aerosols (like wildfire smoke)

Ability to limit ground-based 
transportation and dock 
activities during AQ events

Monitoring crop quality using 
AQ data

Data-Driven Agriculture 
Forecasting capabilities: 
When to expect surface-layer 
aerosols (like wildfire smoke)

Proactive means to protect 
crops from wildfire smoke and 
other AQ hazards

Solar site development, solar 
plant operation and 
optimization Solar Energy

Increased use of satellite-
based data instead of, or in 
combination with, ground-
based sensing

More accurate assessment of 
sites for future solar plants, 
more accurate forecasting for 
power generation from each 
power plant, greater reliance 
on this clean energy source

Volcanic ash and wildfire 
monitoring 

Commercial Aviation

Major Logistics Carriers

Improved accuracy in 
modeling of ash plumes and  
ash and smoke 
concentrations

Fewer flight cancellations and 
disruptions due to volcanic 
and wildfire activity, reduced 
risk of damage to aircraft 
engines

Characterizing aerosol type and distribution across a column of air will help user communities understand 
exposure at a specific time interval. Colocation of ACCP data provides an opportunity to investigate the 
relationship between weather and AQ and, ultimately, create improved forecasting models. These 
observations will help users understand when they might expect impacts of wildfire smoke or ash cloud, how 
it may dissipate through an area, and how precipitation may lead to deposition of particulates. 
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Improved data can help ACCP user communities 
proactively plan for and react to climate change. 

Changes in weather patterns and climate affect decision-making in the ACCP user communities: 

ÅGrowers, ingredient buyers, input companies, food and beverage companies, and crisis and supply chain 
managers are actively monitoring changes in growing conditions for various crops. These communities 
noted detailed long-term outlooks (~3 months out) as a key data need. Trends in the growing season (first 
frost dates, growing degree days, average forecasted precipitation) can help inform site suitability for 
crops, seed varieties, planting/harvesting times, crop investments, and contract/commodity pricing. An 
active area of research is establishing the link between air pollution and crop health and quality. 

ÅMeteorologists in commercial aviation and air-based logistics, as well as ground-based logistics for major 
brands, must keep apprised of and react to natural disasters such as hurricanes, wildfires, and volcanic 
eruptions. These weather phenomena may become more frequent or intense in a warming climate. 
Appropriate forecasting can ensure continuity of operations and safety of customers, employees, and 
facilities. 

ÅWeather and AQ outlooks play an important role in appropriate solar plant siting, management, and 
operations. Historical irradiance data for a specific location are used to project long-term future irradiance 
forecasts. Climate change increases uncertainties in projections of future weather cycles and elevates the 
frequency of forest fires, both of which complicate siting and management of solar sites. More robust 
models for long-term forecasting and real-time performance modeling of solar plants can help accelerate 
the adoption of solar as a mainstream energy production source. 

Å Industrial pollution, fossil fuel combustion, and other activities that have contributed to climate change 
also have affected global AQ, leading to unhealthy levels of pollution. Likewise, rising temperatures have 
led to increased wildfire activity that releases harmful smoke. Understanding AQ trends at a global level 
helps the health care and regulatory communities identify and react to poor AQ hot spots and ultimately 
helps health care professionals treat patients more effectively in light of their pollution exposure. 

Along with accurate forecast capabilities over a variety of time frames (from daily to hourly, weekly, seasonal, 
yearly, and decadal forecast outlooks), accurate and long-term records of observed precipitation and AQ are 
good indicators of changing climate patterns. 

"The impacts of climate change on coffee crops 
is a big concern. There are pessimistic 
predictions that in 15 years Brazil will not be 
able to produce coffee anymore due to climate 
change. The big coffee companiesτUnilever, 
Nestle, Keurig Dr Pepperτhave internal 
ǊŜǎŜŀǊŎƘ ǘŜŀƳǎ ǿƻǊƪƛƴƎ ƻƴ ǘƘƛǎ ƛǎǎǳŜΦέ

τQuality Control Manager, Coffee Company

άLwould also like more information on air 
quality around disastersτtornadoes, 
hurricanes, earthquakes. The air quality 
ŎƻƴǎŜǉǳŜƴŎŜǎ ŀǊŜ ƻŦǘŜƴ ƛƎƴƻǊŜŘΦέ

τFamily Practitioner and Lead of Respiratory 
Health Professional Organization 
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1. Note that the greater health community is investigating long-term exposure, from months to years to decades. 

Community
Spatial 

Resolution
Forecasting Temporal Resolution Latency Coverage

Commercial 
Aviation 

Å 500 mς1 km 
outside of 
urban areas

Å 10ς100s of 
meters in 
urban areas

Å 3ς4 hours for 
domestic flights

Å 12ς14 hours for 
international flights

Å 2ς3 days for large 
weather events 

Subhourly (to the 
minutes)

ASAPτfew minutes
Coverage especially across 
oceans (even 15- to 30-
minute-old data would be 
helpful there)

Major Logistics 
Carriers

Å 500 mς1 km 
outside of 
urban areas 

Å 10ς100s of 
meters in 
urban areas

Å 3ς4 hours for 
domestic flights

Å 12ς14 hours for 
international flights

Å 2ς3 days for large 
weather events 

Subhourly (to the 
minutes)

ASAPτfew minutes
Global (overseas too), 
especially in areas of high 
latitude (Alaska)

Logistics Arms 
of Major 
Brands 

<1 km

Å 24ςпу ƘƻǳǊǎΩ ƴƻǘƛŎŜ 
for day-to-day 
weather

Å 3ς7 days for natural 
disasters

Subhourly 
ASAPτfew minutes

Global coverage 

Data-Driven 
Agriculture

10 km 
acceptable, 
ideally <1 km

Å 1ς2 days 
Å 7ς14 days
Å 3-month seasonal 

forecast 

Å Subhourly for field 
management

Å Daily or weekly for 
financial products

30 minutesς3 hours 
for 24-hour data set

Global coverage, especially 
in tropical areas

Food 
Companies 

Operating in 
Tropical Areas

1ς2 km

Å 1ς2 days 
Å 7ς14 days
Å 12ς18 months long-

term forecast

Subhourly
ASAP during key times 
of growing seasons Global coverage 

Health and 
Short-Term Air 

Quality 
Monitoring1

250 m or less 
(50ς100 m)

2ς7 days in advance for 
large AQ events 

Subhourly Data within the hour
Global coverageτespecially 
in rural areas and 
developing economies 

Solar Energy <1 km 3- to 5-day forecast

Subhourly (1- to 5-
minute intervals). 
Noted specific need 
for predawn data 

ASAPτ1ς5 minutes 
from data capture

Long data histories (20+ 
years)

Communities had similar desires for spatial and temporal 
resolution, while forecasting and latency varied. 

This table reflects specific technical specifications communicated by a representative selection of users 
within the ACCP user communities, and it is meant to be an illustrative, not exhaustive, representation of 
needs. These communities shared spatial resolution needs that were less than 1 km and subhourly temporal 
resolution. While the solar, aviation, and major logistics carriers expressed needs for consistent low latency, 
down to a few minutes, other communities were comfortable with longer latency times or quick data 
delivery only in certain circumstances. Most users expressed needs for global coverage. 
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Global coverage and forecasting of ACCP data sources 
is a common need across user communities. 

Four of seven user communities profiled intersect with 
the global agriculture/food/logistics supply chain, which 
spans multiple continents. Private-sector demand for 
key commodities and crops often depends on 
smallholder farmers and cooperatives in tropical regions 
and areas in developing economies. ACCP data may be 
able to make the most impact as freely available data to 
smallholder advisory services and agricultural insights 
firms working in tropical areas and developing 
economies. 

Convective storm and weather data coverage across 
oceans is a large need for aviation and air-based logistics 
companies. Current data products are low resolution 
and high latency; even data with a 30-minute latency 
can help meteorologists make decisions that help 
transoceanic flight routes avoid dangerous storms or 
fuel emergencies from long reroutes. 

άтл҈ ƻŦ ŎƻŎƻŀ ŎƻƳŜǎ ŦǊƻƳ ²Ŝǎǘ !ŦǊƛŎŀΣ 
Ƴƻǎǘƭȅ ǎƳŀƭƭƘƻƭŘŜǊ ŦŀǊƳŜǊǎΦ LǘΩǎ ƳƻǊŜ 
of an art vs. science to understand 
ǿƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎ ǘƘŜǊŜΦέ

τCommodity and Risk Management 
Executive, Ingredient Company 

άLƳǇǊƻǾŜŘ Řŀǘŀ ƻƴ ƘŀȊŀǊŘƻǳǎ ǿŜŀǘƘŜǊ 
in remote oceanic environments would 
help me make decisions about safe 
and efficient pre-route planning and 
ǘŀŎǘƛŎŀƭ ŀŘƧǳǎǘƳŜƴǘ ǿƘƛƭŜ Ŝƴ ǊƻǳǘŜΦέ

τMeteorologist, Major Airline Company 

High-quality, high spatiotemporal data sources for weather and 
AQ exist but are often limited to North America and Europe. 
Consistent levels of coverage are desired worldwide.

Satellite-based weather and AQ observations may be used to 
augmentτnot replaceτground-based data. 
Å In areas where ground-based weather and AQ provide high-resolution, near real-time data coverage, 

satellite data can be leveraged to help fill in the gaps. Conversely, ground-based measurements can be 
used for ground-truthing satellite data, ultimately improving the accuracy of remote sensing observations.

ÅFor example, while ground-based AQ sensors can provide near real-time, ground-based readings for a 
ǇŀǊǘƛŎǳƭŀǊ ŀǊŜŀ όǎǳŎƘ ŀǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƘƻǳǎŜ ƻǊ ōƭƻŎƪύΣ ǾŜǊȅ ŦŜǿ ƎǊƻǳƴŘ-based networks in rural areas or 
in developing economies may be affected by agricultural and industrial pollution. Satellite-based AQ 
products represent an opportunity to understand global areas of AQ concern and may inform where to 
put ground-based sensors for more high-resolution, real-time monitoring. 

ÅUsers across these communities (such as the health and short-term AQ monitoring and solar 
communities) expressed the need for ground-truthing and suggested related R&D projects as a means of 
engaging with NASA and ACCP data. 
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Commercial 
Aviation 

Major 
Logistics 
Carriers

Logistics 
Arms of 

Major Brands 

Data-Driven 
Agriculture

Food 
Companies 

Operating in 
Tropical 
Areas

Health and 
Short-Term 
Air Quality 

Monitoring1

Solar Energy

Forecasting needs are universally important, although 
specific time frames vary across communities.

ÅCommunities demonstrating needs for convection, cloud, and precipitation data desired longer range 
forecasting (weeks to months) because the accuracy of current weather models drops off after 7to 14 
days.

ÅWhile the food companies and data-driven agriculture community demonstrated needs for the furthest 
range forecasting (3to 18 months), solar energy, aviation, and air-based logistics demonstrated needs for 
forecasting out to days and hours. Latency time needs are naturally shorter for these communities.

ÅUsers expressed a desire for development of probabilistic, rather than deterministic, forecasts that help 
end users manage both risks and data uncertainty.

Å Interviewees noted that the accuracy of current aerosol and AQ forecasting models decreases after 2 
days. AQ forecasting capabilities out to a week would be valuable.

1. Note that the greater health community is investigating long-term exposure, from months to years to decades.

12 hours 2 days 7 days 14 days ~3 months 1 year

Domestic 
Flights 

(3ς4 hr)

International 
Flights 

(12ς14 hr)

Major 
Weather 
Events 

(2ς3 days)

Domestic 
Flights 

(3ς4 hr)

International 
Flights 

(12ς14 hr)

Major 
Weather 
Events

(2ς3 days) 

Major Weather 
Events 

(3ς7 days)

Seasonal 
ForecastτCrop 

Type, Seed Variety 
(3 months)

Harvesting, Planting 
(7ς14 days)

Applying Inputs 
(1ς2 days)

Air Quality Crisis 
Forecasting 
(2ς7 days)

Day-to-Day Outlook 
(3ς5 days)

Growing Trends 
(18ς24 months)

Day-to-Day Weather 
(1ς2 days)

Forecast Needs Across User Communities 

Harvesting, Planting 
(7ς14 days)

Applying Inputs 
(1ς2 days)
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Data accessibility, interoperability, and ease of 
integration bring value across user communities. 

Users consistently expressed a need for improved data accessibility, interoperability, and ease of integration. 
These improvements play key roles in enhancing the perceived value of satellite data products. Common themes 
for data formats included the following:

ÅEasy-to-find data sets labeled with clearly conveyed potential value for certain user communities, such as 
data-driven agriculture. 

ÅAvailability of ground-based data sources with satellite-based data sources (e.g., ground-based AQ sensor 
networks and satellite-based aerosol data) for integration and ground-truthing purposes. 

ÅStandardization in data formats, data structure, and documentation properties to reduce errors or 
slowdowns in data flow that require manually pulling over data.

ÅData reliabilityτHigh-quality data that are consistently delivered and accurate. 

ÅData set flexibilityτThe ability to pull the necessary data and leave behind the unnecessary data, for 
example, pulling 30 days of a specific geophysical variable or observable without having to download 30 
discrete data sets. 

ÅAppropriate channels to easily move bulk data ƛƴǘƻ ǘƘŜ ŜƴŘ ǳǎŜǊǎΩ ǎȅǎǘŜƳǎΣ ǎǳŎƘ ŀǎ !tLκC¢t ǎƛǘŜǎΦ 

ÅEO data sets that are aligned temporally and spatially, such as IMERG and MODIS data products, that would 
make cross-sensor calibration and atmospheric correction simpler and facilitate the introduction of new EO 
data (such as synthetic aperture radar data). The data-driven agriculture community and health and pollution 
user community requested colocation of multiple NASA data products across specific locations, such as soil 
moisture and light data, in one location.

ÅUsers would like clearly labeled data values and accuracy checks or clearly defined error rates in databases so 
that they do not need to source this information from relevant papers. 

ά²ƘŜƴ ǘƘŜǊŜ ŀǊŜ 
changes to how a file is 
named, file formats, or 
documentation, it 
slows down our ability 
to provide daily data 
updates to our 
ŎǳǎǘƻƳŜǊǎΦέ

τData Scientist, 
Agricultural Decision-

Making Platform

ά5ŀǘŀ ŦƻǊƳŀǘ Ŏŀƴ ōŜ ŀ 
time suckτup to 80% 
of the work can be 
taking what you want 
ŦǊƻƳ ǘƘŜ Řŀǘŀ ǎŜǘΦέ

τData Scientist, 
Agricultural Decision-

Making Platform Owned 
by Agrochemical 

Company 

ά²Ŝ ŀǊŜ ŀƭǿŀȅǎ ƭƻƻƪƛƴƎ 
for better ways to 
provide value to our 
customers, often just 
knowing what is 
available from NASA is 
ǘƘŜ ƘŀǊŘŜǎǘ ǇŀǊǘΦέ

τSenior Vice President, 
Weather Insights 

Company
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Data users prefer gridded, processed data sets, 
although formats and accessibility needs vary by 
community. 

CƻǊ Řŀǘŀ ǎŎƛŜƴǘƛǎǘǎ ŘƛǊŜŎǘƭȅ ƛƴŎƻǊǇƻǊŀǘƛƴƎ Řŀǘŀ ǇǊƻŘǳŎǘǎΣ άƴƻ Ŏƻǎǘέ Řŀǘŀ ŀǊŜ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ άŦǊŜŜ ŘŀǘŀέΤ it 
requires time to clean, validate, and incorporate data into systems. Incorporating these data may be a 
significant investment comparable to purchasing an expensive, cleaned data set. Some companies, like large 
agricultural input companies, may create entire teams dedicated solely to scouting and cleaning data 
ǇǊƻŘǳŎǘǎΦ ά9ŀǎȅ-to-ǳǎŜέ Řŀǘŀ Ƴŀȅ ƳŜŀƴ ŘƛŦŦŜǊŜƴǘ ǘƘƛƴƎǎ ǘƻ ŘƛŦŦŜǊŜƴǘ ǳǎŜǊ ŎƻƳƳǳƴƛǘƛŜǎΦ ¢ƘŜ ǘŀōƭŜ ƭƛǎǘǎ 
examples of needs expressed by a selection of users in these communities.

Preference for gridded data sets was consistent across user communities, even across users who have the 
technical capability to work with low-level data products. Users who identified as value-added service 
providers or intermediaries, or those who create tools and provide services to clients that make decisions for 
their organizations, often had more comfort in using low-level products than end users. 

Community
Preferred Data Formats and Accessibility 

Needs
Preferred Levels of Data Products 

Commercial 

Aviation 

Å Data delivered in packages that can be 

delivered to pilots in-air via Wi-Fi (bandwidth 

challenges)

Meteorologistsprefer gridded data sets (level 3/4) but are 
comfortable working with lower level data products. Pilots and 
chief operations officers prefer gridded data sets (level 3/4). 

Major Logistics 

Carriers

Å Easy to incorporate into existing model, 

reports, and systems (METAR reports, script-

based communication systems)

Meteorologists and data scientists in weather companies 
prefer gridded data sets (level 3/4) but are comfortable 
working with lower level data products. 

Logistics Arms of 

Major Brands 

Å Data that are gridded, easy to interpret 

Å Flexibility in data sources to avoid pulling in 

unnecessary data 

Crisis managers prefer gridded and highly visual data (levels 
3/4), data scientists in weather companies are comfortable 
working with lower level data products.

Data-Driven 

Agriculture

Å Zarr, NetCDF, TIF format

Å Temporally and spatially aligned (for cross-

sensor calibration and atmospheric correction)
Å Data accessibility through the cloud
Å Improved documentation

Spatiotemporally aligned data sets are especially interesting to 
data scientists in agriculture platforms. Gridded data are 
helpful, but they can work with low-level data. 
Growers prefer gridded, highly visual data sets (level 3/4). 
Smallholder advisory data scientiststypically need data with 
some preprocessing; gridded data (level 3/4) are ideal for most 
applications, but for insurance purposes, level 2 data are 
desired.

Food Companies 

Operating in 

Tropical Areas

Å Desire for standardized formats across 

agencies, countries

Å NetCDF, TIF are common formats

Å Data that are easy to interpret 

Tropical ingredient buyers and food product manufacturers 
prefer gridded data sources (levels 3/4).

Health and 
Short-Term Air 

Quality 
Monitoring

Å Colocated data for a specific area, with 

surface-based data products as well
Å Cleaned, validated data set with preprocessing 

steps available before download.

The individual or caretaker, as well as health care providers,
require highly visual, gridded (level 4) data. Data scientists in 
outdoor air insights companies prefer data that are gridded 
and have some preprocessing steps (level 3/4), but they can 
work with lower level data.

Solar Energy

Å Means to access data quickly, such as API, or 

stream selected data to users via map 

selections 

Å Easier way to align grids from different data 

sets

Å NetCDF, GRIB2 are common formats

Solar site service providers tend to use level 2/3 data in their 
models. Solar plant operators prefer gridded data sources 
(levels 3/4).

Analysis



5

6

7

5

6

7

115

Sections

Executive Summary

User Communities

Analysis

Recommendations 

1

2

3

4

5 Appendix



116

ACCP private-sector engagement should start with 
understanding data needs and partnering with 
professional organizations. 

ACCP could tap into existing professional industry networks and research 
organizations to understand needs and communicate data product value.

άLϥŘ ƭƛƪŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ b!{! ǘƻ 
provide context in air quality 
measurements and appropriateness on 
Ƙƻǿ ǘƻ ǳǎŜ ǘƘŜ ŘŀǘŀΦέ

ςSenior Scientist, Environmental
Consulting Company Monitoring 

Air Quality 

άLΩŘ ƭƛƪŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ b!{! ǘƻ 
determine the value of certain data 
sets and their applicability to our 
ƳŀǊƪŜǘǎ ƛƴŎƭǳŘƛƴƎ ŀƎǊƛŎǳƭǘǳǊŜΦέ 
ςSenior Vice President, Weather Insights 

Company 

Focus group participants across all user communities consistently demonstrated interest in engaging with 
NASA and were eager to address key industry needs. Users offered a variety of potential engagement 
methods, which differ in levels of effort for both ACCP and industry collaborators. 

άLǘ ƳƛƎƘǘ ōŜ ƎƻƻŘ ǘƻ 
partner with A4A and 
allow for a broad-based 
approach so that we 
can agree as an 
industry or argue the 
case for specific 
ŘƛǊŜŎǘƛƻƴǎΦέ 
τMeteorologist, Major 

Airline Carrier 

άCƻŎǳǎ ƎǊƻǳǇǎ ƭƛƪŜ ǘƘƛǎ 
are fine, working 
groups on data 
standards/ 
documentation are also 
good; they can help 
[with] connecting 
private company needs 
ǿƛǘƘ ǇǳōƭƛŎΦέ

τData Scientist, 
Agricultural Platform 

άb!{! ŎƻǳƭŘ ƭŜǾŜǊŀƎŜ 
focus groups, industry 
meetings, and 
conversations with 
users to keep their 
finger on the pulse and 
understand potential 
ƴŜŜŘǎ ŀƴŘ ǾŀƭǳŜΦέ
τMeteorologist, Major 

Logistics Firm 

ACCP could leverage private-ǎŜŎǘƻǊ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǎ άƛƴŘǳǎǘǊȅ ŀŘǾƛǎƻǊǎέ ǘƻ 
provide consistent feedback on data product application and value across 
user communities. 

Plugging into professional networks can help NASA directly engage with data users; gauge their level of 
knowledge and interest in data products; and, ultimately, disseminate data products. Many technology-
focused groups, such as Airlines for America, value continuous improvement and often include potential 
early adopters. 

b!{! ŎƻǳƭŘ ƭŜŀƴ ƻƴ άƛƴŘǳǎǘǊȅ ŀŘǾƛǎƻǊǎέ ǘƻ ƘŜƭǇ ƛǘ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǇŀǊǘƛŎǳƭŀǊ ǳǎŜǊ ŎƻƳƳǳƴƛǘƛŜǎ Ƴŀȅ ǳǎŜ ŀƴŘ 
value data products. Offering these users a seat at the table could consistently bring in the voice of different 
customers as data products are developed. 

Recommendations
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ACCP could create easy-to-interpret products and training opportunities 
that could help users understand the potential value of NASA data. 

ά²Ŝ ŎƻǳƭŘ ŎƻƭƭŀōƻǊŀǘŜ 
with NASA to help 
growers understand 
weather and climate 
impacts through use of 
b!{! ŘŀǘŀΦέ

τScientist, Agricultural 
Platform Company 

άaŀƪƛƴƎ ǘƘŜ ƘŀǊŘ-core 
science more 
approachable for public 
consumption and use in 
improving [the] public's 
quality of life is key to 
future success of 
ǇǊƻƎǊŀƳǎΦέ
τCommodity and Risk 

Management Executive, 

Ingredient Company

ά¢Ƙƛƴƪ ƭƛƪŜ ŀƴ 
entrepreneurτshow 
value, explain access, 
ŎŀǎŜ ǎǘǳŘƛŜǎΦέ

τCommodity and Risk 
Management Executive, 

Ingredient Company

NASA could engage with industry data users via R&D partnerships that may 
ultimately lead to development of operational data products that address 
community needs. 

Strategic engagement can help ACCP convey value to 
nontraditional user communities and drive R&D with 
societal impact. 

άLΩŘ ƭƛƪŜ ǘƻ ǿƻǊƪ ǿƛǘƘ 
NASA to improve the 
data quality and make 
it friendly for data 
analytics, and to 
improve the quality of 
historical satellite 
images (for selected 
areas) through 
ŎƻƳǇŀǊŀǘƛǾŜ ǎǘǳŘƛŜǎΦέ
τData Scientist, Weather 

Insights Company

άLΩŘ ƭƛƪŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ 
by helping ground truth 
satellite models (now!) 
and improve the 
geographic granularity 
of irradiance forecasts 
όƻƴŜ ǘƻ ǘǿƻ ȅŜŀǊǎύΦέ 

τPerformance Data 
Analyst, Solar Energy 

Operator 

άLΩŘ ƭƛƪŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ 
by vertically 
partitioning aerosol 
and cloud optical depth 
to improve cloud 
ŀŘǾŜŎǘƛƻƴ ŦƻǊŜŎŀǎǘǎΦέ

τConsultant, Solar 
Power Plant Siting

R&D projects executed by the user community, in conjunction with NASA support and data resources, could 
help create products that solve current gaps. The solar energy user community demonstrated significant 
interest in ground-truthing and forecast improvements. 

User-centered training modules and gridded, processed data products can help users understand how ACCP 
data could affect them. Targeting marketing and training toward less sophisticated users could help expand the 
use of NASA EO data and improve discoverability of these data sources by more sophisticated users. 
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Industry partners could serve as connectors to amplify 
the impact of ACCP data products.

ACCP could leverage innovation ecosystem stakeholders supported by 
corporate initiatives, such as incubators and hackathon communities.

άLΩŘ ƭƛƪŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ b!{! ǘƻ 
help commercialize or look at 
funding/subscription/interest for 
future application developmentτ
connect science with real market 
ƴŜŜŘΦέ

τCommodity and Risk Management 
Executive, Ingredient Company

άLϥŘ ƭƛƪŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ b!{! ǘƻ 
extend the community of practice to 
ŜƴǘǊŜǇǊŜƴŜǳǊǎ ŀƴŘ ƛƴƴƻǾŀǘƻǊǎΦέ

τLead, Agricultural Insights Platform 

Companies often support entrepreneurship communities to keep their finger on the pulse of innovative data 
uses. These stakeholders often rely on freely available data sources and may serve as a channel to 
understand the value and applications of these data products to certain communities.
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ACCP users want to collaborate with NASA; some are 
άǊƛƎƘǘ ŀƴŘ ǊŜŀŘȅέ ŦƻǊ ƴŜŀǊ-term engagement.

άLƴǘŜǊŜǎǘ ƛƴ ΨŜŀǊƭȅ-ŀŘƻǇǘŜǊΩ ώƛǎϐ ƘƛƎƘƭȅ 
dependent on financial stability of the 
airline. We have ZERO resources 
currently to commit to such 
ǇǊƻƎǊŀƳǎΦέ

τMeteorologist, Major Airline Carrier

ÅThe solar energy user community demonstrated a readiness 
for collaboration, and almost every engagement suggestion 
was an R&D project opportunity. Validating satellite data, 
improving soiling and solar irradiance models, and enhancing 
granularity of forecasts were noted as major opportunities 
for collaboration. Engagement in the next 5 years aligns well 
with the developing solar and solar plus storage market. 

ÅBecause the health community requires additional research 
to understand the impacts of specific aerosol species and 
health outcomes, their engagement strategies mostly 
centered around engagement with federal environmental 
health agencies. 

ÅThe aviation community, while equipped with the technical 
capabilities and professional organizations to facilitate 
collaboration, is currently limited by tight budgets as a result 
of the COVID-19 pandemic. These users have much in 
common with users in air-based logistics firms, who might 
have more bandwidth and resources to collaborate sooner. 

ÅThe food and data-driven agriculture communities, eager to 
incorporate new data sources, can leverage a world of 
agritech entrepreneurship and food security innovations. 

άLǘ ǿƻǳƭŘ ōŜ ƛŘŜŀƭ ǘƻ ƘŀǾŜ b!{! ǿƻǊƪ 
with National Institute of 
Environmental Health Sciences 
(NIEHS) on encouraging use of NASA 
data sources in proposed research. 
You might be surprised how much of 
ǘƘƛǎ ƘŀǇǇŜƴǎ ǘƘǊƻǳƎƘ ΨƴǳŘƎƛƴƎΩ ǘƻ 
ŎƻƳƳƛǘ ǘƻ ǎǳŎƘ ǇǊƻƎǊŀƳǎΦέ

τEnvironmental Health Expert

Value-added service providers and intermediaries serve as the 
highest potential engagement partners for ACCP. 

ÅAlthough high-maturity users, such as airline and air-based logistics meteorologists, and solar power 
service providers can easily create meaning out of level 1 to 2 data, they often rely on value-added service 
providers to integrate many disparate sources and develop insights that are easily incorporated into 
community-specific solutions. 

ÅMany value-added service providers serve multiple industry types and are acutely aware of their needs. 
Engagement via value-added service providers could amplify the use and impact of ACCP data products. 
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